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THE CHEMIST AND THE FIELD OF NUTRITION 


At the turn of the century it became 
increasingly evident that the chemist could 
help little in evaluating a food from the 
standpoint of nutrition. He was able to 
make a limited number of estimations such 
as crude protein, crude fat, fiber, and ash, 
but beyond their value for feed and for food 
control laboratories such determinations 
contributed little to our knowledge of the 
nutritive value of foods. 

The nutritive value of the food must be 
determined biologically; “test it on the cow 
or pig,” and later ‘‘test it on the rat’’ was 
the usual procedure. 

With the gradual unfolding of the chemical 
character of the many factors involved in 
mammalian and avian nutrition and the 
accumulation of knowledge of species re- 
quirements as well as differences in re- 
quirements, the possibility of referring 
the question of nutritive value to the chemist 
again arises. The picture is incomplete. 
We do not know all of the requirements 
either qualitatively or quantitatively; all 
of the nutritive factors have not been 
chemically tagged. Nor do we have chemical 
and physical methods for the determination 
of all of the known nutrients, but distinct 
progress in that direction is being made. 
To illustrate, vitamin D is at present es- 
timated only by biologic methods but it 
is reasonable to expect that this important 
nutrient will be estimated ultimately by 
physical and chemical procedures. Control 
laboratories are already at work on this 
problem. 

The nutritive value of proteins is based 
on the retention of nitrogen by the animal 
but it is altogether probable that before 
long tables giving the amino acid content 
of the total protein of a foodstuff will be 
made available. ‘Today we have incomplete 
tables showing the amino acid content of 
individual proteins as well as the proteins of 
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animal tissues and certain plant tissues. 
When such data are more complete, made 
possible by the rapidly developing micro- 
biologic methods, the chemist should have 
in hand valuable tables for a decision of 
protein values in nutrition. What will 
be needed in addition to composition will 
be tables showing the species requirements 
for various functions such as maintenance, 
growth, reproduction, and lactation. Such 
data are also being slowly accumulated. 

There may, however, be several stumbling 
blocks for the chemist’s dream as outlined 
above. The question of availability may 
enter. Will the animal require more of an 
essential amino acid than that registered 
for a foodstuff as determined by chemical 
or microbiologic methods? It is possible. 
The enzymes of the tract may not readily 
loosen all of a particular and essential amino 
acid for ready absorption, with partial loss 
in the fecal residues. Again some de- 
struction of an essential amino acid may 
occur in the intestine and thus lower the 
availability. These are untouched problems 
but capable of solution. 

The proteins of the soybean may show an 
excellent quantitative array of amino acids 
yet only when heated will the members of 
the sulfur complex become available. 

The availability of phosphorus is another 
illustration. In certain food materials, es- 
pecially where they have been heated and 
the accompanying phytase destroyed, the 
phosphorus of phytic acid may show a low 
availability. In certain plant materials the 
calcium exists in part as an oxalate, an 
insoluble and unavailable source of calcium. 
Consequently a determination of the total 
calcium will not give the true biologic value 
of that calcium. A striking illustration of 
the same phenomenon exists where iron in 
some food materials will show high avail- 
ability of the total iron, while in other 
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instances this availability may be reduced to 
25 per cent, as in the case of spinach. 

Even a “water-soluble” vitamin such as 
thiamine is held so firmly in live yeast that 
not until after the death of the cell will this 
nutritive factor become available to man. 
Such phenomena may cloud the chemist’s 
ability to make a primary and final decision 
as to the nutritive worth of a food material 
unless the tables are accompanied by data 
on availability. This should eventually 
be possible. 

The influence of food upon the rate and 
kind of intestinal synthesis is a problem 
under active investigation. It is an old 
observation that a high lactose diet will 
tend toward the maintenance of an aciduric 
flora in the tract while other diets free of 
lactose may encourage the development of an 
entirely different flora. Further, what 
synthesis of essential nutrients is made will 
be influenced measurably by the type of 
organism inhabiting the tract. After all it 
is becoming more and more apparent that 
nutrition consists of what the food supplies 
and in addition what important nutrients 
may be contributed by intestinal flora. 
Further, while we think of accretions through 
synthesis, the problem of destruction or 
alteration of nutrients will demand study. 
This phase of the problem is important for 
aging human beings. 

That the type of carbohydrate ingested 
can influence the flora is well established 
by lactose feeding, but even among other 
carbohydrates, such as starch, sucrose, or 
glucose, profound influences on the type of 
intestinal organisms may be effected. Of 
course one may doubt the significance to 
man of studies with special diets and single 
carbohydrates but nevertheless the problem 
is there. We may then ask the question, 
what assurance have we that a table listing 
only the carbohydrate or the ‘‘available”’ 
carbohydrate will give the chemist the 
necessary data for a food evaluation. 
Certainly it appears that here is a tremen- 
dous field for further investigation and the 
same kind of questioning is accumulating 
about the fats. On a lactose diet corn oil 
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in a caloric equivalence is not the equal of 
butterfat in the nutrition of the rat. But 
on a glucose diet it is. On the lactose-corn 
oil diet the rat will suffer from an initial 
diarrhea. On the lactose-butterfat there is 
no diarrhea. These are profound effects of 
special experimental diets and an attempt 
to catalogue them in a chemist’s table may 
not be possible—but certainly not hopeless. 
Only after much more work has been done, 
and especially with human subjects, can 
the significance of fat, carbohydrate, and 
even protein relations to intestinal function 
be laid bare. 

Perhaps there will be no greater stumbling 
block to the successful use of the chemist’s 
tables than the acceptability of a food by the 
consumer. He must like the combinations 
no matter how rich the material may be in 
specific and necessary nutrients. Some 
individuals like tomato juice, others do not. 
Yet the product is a well known rich source 
of vitamin C. Such individual preferences 
find their greatest application in the prepared 
Army rations. Some of these rations may 
not be palatable or acceptable to all soldiers, 
yet from a chemist’s table they will carry 
all the essential nutrients. In feeding 
soldiers under special service conditions 
the question of acceptability is one of 
importance but need in no way check the 
development of the thesis here propounded, 
namely, that eventually tables may be 
constructed by the chemist setting forth 
the quantitative content of essential nu- 
trients—their availability, their influence 
on intestinal behavior including synthesis, 
destruction, and absorption. 

Surely in civilian life and where free 
choice of foods will again prevail, the dis- 
tasteful can be replaced by the tasteful and 
yet provide amply the essential nutrients. 
The chemist’s tables can be made useful 
but only after much more knowledge is 
accumulated. 


E. B. Hart, 

Professor of Biochemistry, 
University of Wisconsin, 
Madison, Wis. 
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SULFONAMIDES AND VITAMIN K DEFICIENCY 


Numerous reports suggest that exper- 
imental animals, and probably man as well, 
obtain a variety of vitamins from the 
bacterial flora inhabiting the intestinal 
tract (Nutrition Reviews 1, 35, 175 (1942-43)). 
In herbivora the bacterial flora synthesize 
not only vitamins, but essential amino acids 
as well, for the use of the host. 

In the omnivora, and especially in man, 
important questions remain to be answered. 
What vitamins, if any, may be obtained in 
significant amounts from the intestinal tract? 
What factors influence the production of 
these vitamins? It would be unfortunate 
if the case for bacterial vitamin synthesis 
were overemphasized before the problem is 
clarified. 

A communication by Kornberg, Daft, 
and Sebrell (Pub. Health Reports 59, 832 
(1944)) supplies rather conclusive evidence 
that vitamin K may be obtained by the 
rat from the intestinal flora in sufficient 
amounts to prevent symptoms of deficiency. 
The production of vitamin K deficiency in 
the rat has hitherto met with irregular 
results. On vitamin K _ deficient diets 
alone, few rats show any symptoms of de- 
ficiency. If the more insoluble sulfa drugs, 
sulfaguanidine or succinylsulfathiazole, are 
incorporated in the diet, mild symptoms 
of vitamin K deficiency have been observed 
(Daft, Ashburn, and Sebrell, Science 96, 
821 (1942); Black, Overman, Elvehjem, 
and Link, J. Biol. Chem. 145, 137 (1942); 
Welch and Wright, J. Nutrition 25, 555 
(1943)). These sulfa drugs might have 
acted by (a) increasing the need for vitamin 
K, (b) decreasing its absorption, or (c) 
decreasing bacterial synthesis of this vitamin. 
Kornberg et al. have now been able to 
produce more severe vitamin K deficiency 
in the rat by using other sulfa drugs, and 
have demonstrated that the resultant de- 
ficiency syndrome of hypoprothrombinemia 
and multiple hemorrhages may be cured 
with vitamin K. Furthermore, they have 


shown that no defect exists in the absorption 
of vitamin K from the intestinal tract, since 
as little as 5 micrograms of vitamin admin- 
istered orally effect a rapid cure. 

Finally, they present the following ev- 
idence suggesting that the vitamin re- 
quirement is not increased by sulfa drugs: 
(a) The curative dose of vitamin K is 
about the same for rats rendered K deficient 
with sulfa drugs as for rats in which the K 
deficiency has been produced by interfering 
with intestinal absorption (biliary fistula 
or excessive mineral oil intake). (b) Fol- 
lowing cure of deficient rats by a single 
dose of vitamin K, relapse occurs after a 
time interval which is of the same length, 
whether the K deficiency is produced by 
sulfa drugs or by preventing absorption. 
Thus the only possibility left appears to 
be that the sulfa drugs actually interfere 
with the production of vitamin K in the 
intestinal tract. 

Nine out of 10 rats treated with pyrazine 
died of hemorrhage with very low pro- 
thrombin levels. Using sulfadiazine and 
sulfathiazole, the prothrombin level typi- 
cally fell during two to four weeks to 5 
to 30 per cent of normal, with a subsequent. 
slow rise to 50 to 70 per cent of normal. 
Relatively few deaths occurred. Succinyl- 
sulfathiazole, sulfaguanidine, and _ sulfa- 
nilamide produced definite but lesser 
decreases in the prothrombin level and only 
occasional hemorrhages. Sulfapyrazine was 
therefore the most effective drug tested in 
producing vitamin K deficiency; sulfadiazine 
and sulfathiazole were somewhat less potent; 
and succinylsulfathiazole, sulfaguanidine, 
and sulfanilamide were, in turn, still less 
effective. This order of efficacy is the 
same as that found by White (Bull. Johns 
Hopkins Hosp. 71, 213 (1942)) for the 
activity of these drugs against coliform 
bacteria, which are the presumptive vitamin 
K producers concerned. 
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Kornberg and associates noted that crude 
or inadequately purified casein contained 
sufficient vitamin K activity to lessen 
distinctly the symptoms of deficiency. This 
is illustrative of a type of problem which 
may make analogous studies on man rather 
difficult. 
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That intestinal bacteria can produce 
important amounts of certain of the vitamins 
seems to be beyond question. The sig- 
nificance of this fact for human nutrition 
can be established only by future studies, 
although a substantial beginning has already 
been made (Nutrition Reviews 2, 109 (1944)). 


ANTIBIOTINS 


The search for antivitamins has been 
pushed with vigor ever since Woods and 
others demonstrated that the sulfonamides 
in all probability exert their antibacterial 
action by inhibiting the vitamin p-amino- 
benzoic acid (Nutrition Reviews 1, 1565 
(1943)). This important finding has fur- 
nished a much needed rationale in the search 
for chemotherapeutic agents. It now seems 
probable that a number of antibiotics 
might be obtained if analogues of the various 
vitamins or of other specific cellular sub- 
stances were produced. Such an analogue 
would be effective if it blocked the action of 
the particular vitamin, and if in addition 
this blocking action were more detrimental 
to the particular pathogenic organism 
concerned than to the host. Alternatively, 
such a drug might be effective if it penetrated 
the microorganism but not the cells of the 
host. The degree of penetration across 
cell membranes can frequently be altered 
by changes in side groupings in the par- 
ticular drug molecule. 

Two groups of workers announced simul- 
taneously that desthiobiotin (biotin with 
the sulfur atom replaced by two hydrogen 
atoms) has antibiotin activity (Dittmer, 
Melville, and du Vigneaud, Science 99, 203 
(1944); Lilly and Leonian, Jbid. 99, 205 
(1944)). This work has now been extended 
by Dittmer and du Vigneaud (Jbid. 100, 
129 (1944)). They report two compounds 
in addition to desthiobiotin which possess 
antibiotin activity. These are biotin sulfone 
(biotin in which the sulfur has been oxidized) 
and imidazolidone caproic acid (desthio- 


biotin minus one methyl group). These 
compounds differ widely in their effective- 
ness. It requires only about 0.03 microgram 
of biotin sulfone to reduce the growth of a 
culture of L. casei containing 0.0002 micro- 
gram of biotin to that of a culture con- 
taining 0.0001 microgram of biotin. To 
effect this same reduction in growth requires 
approximately 0.7 microgram of desthio- 
biotin and 9 micrograms of imidazolidone 
caproic acid. Although this last is the 
weakest inhibitor of the three, it is of 
interest since it alone is capable of inhibiting 
yeast growth (S. cerevisiae). Indeed, des- 
thiobiotin, instead of inhibiting, promotes 
the growth of yeast as effectively as biotin 
itself. Biotin sulfone inhibits the growth 
of L. casei, L. arabinosus, and Staph. 
aureus. 

The inhibitory effect of any one of these 
antibiotins may be overcome by increasing 
the biotin concentration in the same manner 
that p-aminobenzoic acid will overcome the 
inhibition due to sulfanilamide. As might 
be expected, these compounds can displace 
biotin from the avidin-biotin complex. 
Biotin-containing L. casei cultures, in which 
growth has been prevented by the presence 
of avidin, will actually support growth if 
a small amount of antibiotin is added, 
since some biotin is thereby set free. It is 
precisely this competition with biotin for 
enzymes within the cell which is presumed 
to be the basis for the antibiotic activity of 
these compounds. It will be of interest 
to learn what effect the antibiotins have on 
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the activity of lysozyme which now appears 
to be an avidin-biotin complex (Meyer, 
Science 99, 391 (1944); Laurence, Ibid. 99, 
392 (1944)). 

It would seem that the important first 
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steps have been taken toward establishing 
a new chemotherapeutic agent. It is to 
be hoped that one of these drugs or a future 
derivative will prove of value in combating 
disease organisms. 


ASCORBIC ACID AND THE ADRENAL CORTEX HORMONE 


Numerous’ observations encountered 
during studies of the function of the adrenal 
cortex point to a significant correlation 
between ascorbic acid and the cortical 
hormone. Kendall (Endocrinology 15, 357 
(1931)) isolated ascorbic acid from the 
adrenal cortex, and Harris and Ray (Biochem. 
J. 27, 2006 (1933)) found this tissue to be 
richer in ascorbic acid than any other 
animal tissue. They found 150 mg. of 
ascorbic acid per 100 g. of cortex and 
about 100 mg. per cent in the medulla of 
adrenals from the ox. The adrenals of 
rats were found tocontain as much as 600 mg. 
of ascorbic acid per 100 g. of tissue. 

Clinical observations added further indi- 
cations of a possible connection between 
the adrenals and ascorbic acid. Wilkinson 
and Ashford (Lancet II, 967 (1936)) found 
that patients suffering from Addison’s 
disease showed signs of ascorbic acid 
deficiency. That this ascorbic acid de- 
ficiency was not attributable to a general 
debility was shown by the fact that patients 
taken at random in the wards did not show 
a deficiency. . 

It is well known that one of the out- 
standing symptoms of Addison’s disease is 
pigmentation of the skin. Conceivably, 
this pigmentation is related to ascorbic 
acid deficiency since the formation of 
pigment from dopa by slices of guinea pig 
ear is inhibited by ascorbic acid (Schroeder, 
Klin. Wehnschr. 13, 553 (1934)). However, 
excessive pigmentation does not seem to be 
a symptom of humau scurvy. 

In 1940 Giroud, Santa, Martinet, and 
Bellon (Compt. rend. Soc. de biol. 134, 100 
(1940)) conducted a series of studies on 





the correlation between the content of 
cortical hormone in the adrenals and the 
intake of ascorbic acid. For a number of 
weeks, guinea pigs were fed a diet deficient in 
ascorbic acid, and the content of this 
vitamin and of the cortical hormone in the 
adrenal was determined. During this 
period the ascorbic acid concentration in 
the adrenal cortex fell from 100 mg. per 
cent to below 5 mg. per cent, whereas the 
cortical hormone (determined by its effect 
on the pigment cells of the scale of the 
fish Cyprinus carpio) fell to almost one 
third of this original value. If ascorbic 
acid was injected, a rapid increase of this 
vitamin as well as of the cortical hormone 
occurred. The concentration of both sub- 
stances in the adrenal cortex reached the 
values found before the animals were placed 
on the scorbutic diet. Giroud concludes, 
therefore, that the synthesis of the adrenal 
cortical hormone depends upon the presence 
of ascorbic acid in the adrenals. 

Further studies on this problem have 
been done at Yale University (Sayers, 
Sayers, Lewis, and Long, Proc. Soc. Exp. 
Biol. Med. 65, 238 (1944)). In _ these 
studies the changes in adrenal cholesterol 
and ascorbic acid were studied following 
injections of the adrenotropic hormone. 
The male rats used were injected intra- 
peritoneally with a solution of purified 
adrenotropic hormone (4 mg. per 100 g. 
body weight). The adrenals were removed, 
at various periods, after the injection of the 
hormone, and analyzed for cholesterol and 
ascorbic acid. The hormone was found 
to produce a rapid decrease in ascorbic acid 
concentration of the adrenal tissue. Thus, 
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within twenty minutes after the injection 
of the hormone, the ascorbic acid had been 
reduced to two thirds of its initial value. 
After one hour, the decrease had reached 
its maximum; at that time the ascorbic acid 
concentration was only 40 per cent of its 
initial value. The ascorbic acid concen- 
tration remained low for two to three hours 
and returned to its initial level about nine 
hours after the injection. 

The adrenal cholesterol decreased more 
slowly than did the ascorbic acid. Twenty 
minutes after the injection, the cholesterol 
had decreased only moderately and the 
lowest level of cholesterol was not reached 
until about three hours after the injection. 
It then remained low for almost twelve hours 
and did not return to its initial level for 
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twelve to twenty-four hours. Thus, both 
the initial depletion and the subsequent 
recovery occurred much sooner in the 
ease of ascorbic acid than of cholesterol, 
a fact which rules out the possibility that 
changes in the concentrations of the two 
compounds could be attributed to changes 
in the water content of the tissue. 

The marked changes in the concentrations 
of cholesterol and ascorbic acid in the adrenals 
following administration of adrenotropic 
hormone may mean that both substances 
are involved in the synthesis of the cortical 
hormone, directly or indirectly. However, 
more work is needed before a causal re- 
lationship can be established between the 
decrease in ascorbic acid and cholesterol 
and the synthesis of cortical hormone. 


LEVELS OF CAROTENE AND VITAMIN A IN HUMAN BLOOD 


A paper by Hsu (Chinese Med. J. 61, 
238 (1943)) adds an important item to our 
knowledge of human serum levels of vitamin 
A and their relation to avitaminosis A. 
For some years now many observers in the 
United States and Europe have been 
measuring the carotene and vitamin A in 
human serum or plasma. They have chosen 
groups of healthy normal individuals and 
observed the range of values found in such 
groups; sometimes also they have examined 
groups of hospital patients and found that 
the range was at a lower level than the 
normal groups, or that the range was higher 
or lower in different economic strata of the 
population. 

As representative studies the following 
may be cited. (All values throughout this 
article refer to quantities of carotene or of 
vitamin A in 100 ml. of plasma or serum. 
In the literature reports sometimes refer 
to “carotene,” and sometimes to ‘‘carote- 
noids”; the word ‘‘carotene”’ is used here to 
cover both.) Kimble (J. Lab. Clin. Med. 
24, 1055 (1939)) found that for 30 healthy 
men the carotene averaged 166 micrograms 


(range 50 to 300) and the vitamin A 127 1. v. 
(range 89 to 198); for 34 healthy women 
187 micrograms carotene (range 90 to 340) 
and 91 1.v. vitamin A (range 67 to 169). 
Abels, Gorham, Pack, and Rhoads (J. 
Clin. Invest. 20, 749 (1941)) reported for 
62 healthy men an average of 210 micrograms 
carotene (range 90 to 340), 1701.v. vitamin A 
(range 132 to 208); for 62 healthy women 
180 micrograms carotene (range 80 to 400) 
and 149 1.v. vitamin A (range 103 to 195). 
For patients with cancer of the gastro- 
intestinal tract they reported for 38 men 140 
micrograms carotene (range 40 to 500) 
and 84 1.U. vitamin A (range 32 to 180); 
and for 13 women 135 micrograms carotene 
(range 50 to 270). Yarbrough and Dann 
(J. Nutrition 22, 597 (1941)) reported mean 
values of 183 micrograms carotene and 71 
I.U. vitamin A for 16 healthy members of 
a medical school staff and 131 micrograms 
carotene and 51 1.v. vitamin A for 197 
subjects in a nutritional survey in a North 
Carolina mill village. 

Such measurements have given us much 
information about the serum or plasma levels 
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in many different groups of human beings, 
but until now no group of people suffering 
from clinically manifest vitamin A de- 
ficiency has been reported. We had there- 
fore no knowledge of the levels in frankly 
deficient people and it has been impossible 
to use intelligently serum vitamin A levels 
as diagnostic of vitamin A deficiency or 
suggestive of dangerously low vitamin A 
reserves. The unsatisfactory solution of 
this problem has been for each observer to 
regard the range found in his particular group 
of healthy individuals as being “normal” 
and anything below this as “low” or “sub- 
normal.”” Sometimes even the lower values 
within the range of healthy individuals are 
considered “subnormal.’” These decisions 
are logically indefensible, and of course lead 
to a multiplicity of standards of “‘normality.” 

It is clear that the problem was insolvable 
until a group could be obtained in whom 
definite clinical avitaminosis A, either 
spontaneous or induced, could be recognized. 
Such a group has now been studied by Hsu, 
using the technic of Clausen and McCoord 
(J. Pediatrics 13, 635 (1938)). Among 33 
young healthy adults Hsu found the serum 
carotenoids to average 140 micrograms (range 
85 to 226) and the vitamin A 561.v. (range 







It is a fairly old observation that animals 
deprived of food or water in general exhibit 
increased muscular activity. This hunger 
reaction, since it persists even in animals 
from which the stomach has been removed, 
is independent of hunger sensation or hunger 
contractions of the stomach. Inasmuch as 
these responses are independent of mechan- 
ical factors and seem rather to depend upon 
genuine tissue needs, they might be expected 
to occur also in cases where the diet lacks 
certain indispensable components. Guer- 
rant and Dutcher (J. Nutrition 20, 589 
(1940)) observed that lack of a vitamin, 
thiamine, gave rise to increased muscular 
activity. 








“RUNNING” AND VITAMIN DEFICIENCIES 
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30 to 104). Among 198 hospital patients, 
none of whom showed any clinical evidence 
of vitamin A deficiency, the average values 
were 65 micrograms carotene (range 0 to 
197) and 33 1.v. of vitamin A (range 0 
to 132). Among 85 patients showing clinical 
signs of vitamin A deficiency the average 
values were 24 micrograms carotenoids (range 
0 to 141) and 6 1.v. of vitamin A (range 
0 to 27). The clinical diagnosis was based 
on the eye lesions described by Plliat (Nat. 
Med. J. China 15, 614 (1929)), or skin lesions 
described by Frazier and Hu (Tr. Far 
Eastern Assn. Trop. Med. 1, 461 (1934)), 
or both together. 

Thus a report from a worker who is well 
acquainted with clinical vitamin A deficiency 
presents a normal range of serum vitamin 
A figures whose upper limit is below the 
lower limit of the normal range reported by 
Abels and co-workers, and 48 per cent of his 
hospital patients without clinical evidence 
of vitamin A deficiency had less than 30 
1.U. vitamin A. It is evident that conclusions 
based on the vitamin A status of individuals 
whose serum levels are somewhat below the 
ranges found in random groups of healthy 
people in this country must be drawn with 
considerable reservation. 


Wald and Jackson (Proc. Nat. Acad. 
Sci. 30, 255 (1944)) have studied in detail 
the relation between nutritional deprivation 
and muscular activity. They confirmed 
earlier reports that deprivation of food or 
water gives rise to greatly increased muscular 
activity in the rat as measured by the number 
of rotations of a running wheel. 

Well fed rats showed activity corre- 
sponding to 2000 revolutions daily, whereas 
fasting animals or animals deprived of water 
showed a greatly increased activity re- 
sulting in 10,000 revolutions per day. 
Responses to the deprivation and re- 
administration of thiamine follow the same 
pattern as those associated with variation 
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in the supply of bulk food or water. The 
activity increased fivefold during the period 
of deprivation of thiamine as compared with 
the activity before or after the deprivation 
period. As would be anticipated, when 
the period of thiamine deficiency was 
prolonged sufficiently to produce definite 
signs of polyneuritis, the running decreased 
to normal or less than normal. During the 
period of thiamine deficiency, food consump- 
tion fell from 10 to 14 g. daily to 2 to 3 g. 
daily. If a deficient animal was given 
adequate thiamine and allowed to eat freely, 
it quieted down and stopped running. 
If, on the other hand, the animal was given 
thiamine but was not allowed to increase 
its food consumption, the running continued. 
Specific thiamine hunger had been replaced 
by the hunger for bulk food. The running 
of the animal in this phase proved to be 
fatal, apparently due to the inanition both 
during the period of thiamine deficiency 
and during the subsequent period of food 
restriction. 

The effects of deprivation and readmin- 
istration of riboflavin were essentially 
similar to the responses described for 
thiamine deficiency. 

Although deprivation of vitamins of 
the B-group results in increased activity, 
this does not seem to be the case with a 
number of other deficiencies. Thus, vitamin 
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A deficiency does not produce the running 
response (Guerrant, Dutcher, and Chornock, 
J. Nutrition 17, 473 (1939)). Moreover, 
a general lack of salts does not increase 
the amount of running (Smith and Smith, 
Am. J. Physiol. 109, 99 (1934)). This 
was confirmed by Wald and Jackson who 
found the muscular activity of animals on 
a magnesium deficient diet to be normal. 

Wald and Jackson discuss the biologie 
significance of running in deprivation. 
They emphasize that the primary response 
to deprivation is an increase in muscular 
activity which is not dependent on the 
presence of external inducements to activity. 
In a free environment, this hyperactivity 
should increase the probability that the 
deficient animal will encounter what it 
lacks. “In effect it represents a gamble in 
which the animal’s metabolic reserves are 
staked against the chance of finding its 
necessities. 

“The possibility of a successful outcome 
for the individual, however, is not the only 
point of this reaction. It probably repre- 
sents also the behavioral basis of mammalian 
emigration.” (Wald and Jackson, loc.cit.) 

The authors point out that emigration 
has to be considered as a function serving 
not somuch to rescue the individual emigrat- 
ing animal from starvation as to relieve nu- 
tritional pressure on the home population. 


MALNUTRITION DURING CONVALESCENCE 


The average physician is so preoccupied 
with the specific treatment of the disease 
or injury which confronts him that he is 
prone to overlook details of dietary manage- 
ment. Present trends in medical thought, 
with their increasing attention to nutrition, 
have tended somewhat to remedy this 
defect. However, more important in em- 
phasizing this need for attention to the 
nutrition of the patient is the fact that 
chemotherapy has advanced to such a 
degree that the treatment of an infection 


is now much less of a preoccupying problem 
than it was before. The effective treatment 
of infected wounds, for example, has been 
so much revolutionized by the introduction 
of the sulfonamides and penicillin that the 
nutritional problems associated with con- 
valescence have come to the fore. The 
report on this subject, prepared under the 
direction of the Committee on Convalescence 
and Rehabilitation of the National Research 
Council (War Medicine 6, 1 (1944)) is there- 
fore timely. 
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It is pointed out that weight losses in 
‘wounded men are often pronounced. One 
published report records losses up to 30 kg. 
(66 pounds) in a series of patients with 
compound infected fractures evacuated from 
North Africa. In a marine aged 21 years 
who sustained a gun shot wound through 
the left side of the chest, air as well as 
blood found their way into the pleural 
cavity. No surgical procedure was re- 
quired in treatment and, though he was 
seriously ill for a time, complete recovery 
took place. When he was permitted to 
walk after three weeks, it was found that he 
had lost 37 pounds. It stands to reason 
that such excessive weight loss prolongs 
convalescence, multiplies complications, 
reduces ability to withstand necessary 
surgical procedures, and may even increase 
mortality. It is obviously worth while to 
strive to prevent malnutrition. 

The report points out that loss of body 
weight is not necessarily a quantitative 
measure of malnutrition. For example, 


retention of water may mask loss of body 


weight. Furthermore, loss of body weight 
is of physiologic significance largely in so 
far as it means loss of protein tissue. Loss 
of fat tissue probably produces little phys- 
iologic impairment. Protein is lost in 
disease states in several ways. If there is 
no carbohydrate in the diet, deaminization 
of amino acids is necessary to supply 
carbohydrate. If there are exudates or 
discharges, as in peritonitis or open wounds, 
as much as 50 g. of protein may be lost per 
day. Finally, it has been shown that 
fractures or infected wounds in previously 
healthy young people are associated with 
nitrogen loss which is not explained by 
insufficiency of the diet or loss in exudates. 
Although this ‘toxic destruction of protein’”’ 
can be alleviated only by effective treatment 
of the disease or injury from which it 
originates, adequate nutrition may min- 
imize this toxic reaction and thus promote 
and shorten the processes of repair. It 
might be expected that with improved 
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nutrition, postoperative weakness or asthenia, 
delay in healing of wounds, and nutritional 
edema may be reduced in extent. 

Prevention is better than cure, and the re- 
port emphasizes the importance of adequate 
nutrition from the very beginning of injury 
or disease, by combating the loss of appetite 
and weakness associated with malnutrition 
which in turn produces more malnutrition. 
It is pointed out that the customary liquid, 
semisolid, and soft postoperative diets may 
be arbitrary and unjustified and require 
reconsideration and reevaluation. Patients 
will take solid food much sooner than most 
physicians realize and will benefit from such 
a diet. The forcing of fluids in the form of 
plain water is seldom indicated since this 
tends to dull the sense of appetite without 
furnishing other dietary essentials. All 
foods except milk become liquid in the 
gastrointestinal tract. Why is it necessary, 
then, to give them in liquid form unless the 
patient will take them in no other way? 

Stress is placed on the importance of 
furnishing at least 5 g. of sodium chloride 
daily. As to protein, it is suggested that 
ground meats can be given earlier and more 
freely than is generally believed. It is 
also pointed out that when milk is fed for 
its protein content a _ relatively large 
quantity of fluid, which tends to decrease 
appetite, is given at the same time. A 
more concentrated and convenient high 
protein, high carbohydrate drink can be 
made up readily by stirring 50 g. of skim 
milk powder into 200 ml. of water. This 
furnishes 17 g. of protein and 26 g. of 
carbohydrate, thus exceeding the quantities 
in a pint of milk in less than one half of the 
volume. The value of ice cream is men- 
tioned since this food is frequently ap- 
preciated and taken in large amounts and 
is an excellent source of calories, proteins, 
and vitamins. 

Loss of appetite should be viewed as a 
therapeutic challenge, not as a necessary 
symptom associated with injury or disease. 
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Sedatives will reduce the appetite whereas 
improved palatability of the diet, good 
nursing care, and directions to the patient 
on the part of the physician will improve it. 
Some patients have the idea that taking 
food after an operation may be harmful; 
they will eat well once they have been 
properly instructed by their physician. 
Tube feeding and parenteral feeding have 
their place, but should be used only when 
oral feeding is impossible. Advances in 
the development of parenteral nutrient 
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materials have been discussed previously 
(Nutrition Reviews 1, 379 (1948)). It is 
of interest to note the statement that recent 
studies of famine victims in India have 
shown that when emaciated persons were 
unable to take food by mouth, the intra- 
venous injection of dextrose and isotonic 
solution of sodium chloride or ‘of blood 
failed to prevent a fatal outcome, whereas 
injection of hydrolyzed protein intra- 
venously for one or two days reduced the 
high mortality to a low figure. 


HEATED FATS AND STOMACH CANCER 


The high incidence of stomach cancer 
that exists at present among Americans 
and Europeans constitutes a major medical 
problem, the cause of which is yet to be 
elucidated. Superficially there would ap- 
pear to be some evidence of a racial effect; 
the incidence of stomach cancer is low in 
most other parts of the world, whereas 
primary liver cancer, which is extremely 
rare in America, is common among the 
South African Bantu and likewise in the 
Orient (Nutrition Reviews 2, 298 (1944)). 
However, the American Negro is less apt 
to develop primary cancer of the liver than 
stomach cancer; in other words, as far as 
these two organs are concerned, he resembles 
the American white man much more closely 
than he does the African Bantu. (Of 
course not all American Negroes are of 
Bantu origin, although unquestionably some 
of them are.) The inference is that the 
development of the two types of cancer, 
stomach and liver, is determined to a great 
extent by environmental rather than by 
genetic factors, and an obvious element 
suspected in this connection is diet. 

Many types of tumors can be produced 
with comparative ease in experimental 
animals: skin tumors, subcutaneous sar- 
comas, spontaneous mammary tumors in 
appropriate inbred strains, leukemias, and 
hepatic tumors due to azo dyes. Frequently 


the rate of tumor formation can be either in- 
creased or decreased when suitable changes in 
the diet are made (Nutrition Reviews 1, 144, 
247, 861 (1948); 2, 79, 146 (1944)). But un- 
fortunately for those interested in stomach 
cancer, it is not only difficult to produce 
true malignant lesions in the stomachs of the 
rat or mouse, but there is often a question 
whether the tumor that results is really 
analogous to the condition found in man. 
The stomach of these rodents is a com- 
pound structure, the foremost half of which 
is very thin and elastic. It appears mem- 
branous when stretched, and anatomically 
it is essentially an enlarged extension of the 
esophagus. The second half is muscular 
and glandular and more like that of man. 
Between the two parts is a ridge. Crater- 
like ulcers of the forestomach have been 
reported in rats fed diets deficient in 
protein, vitamin A, calcium, the entire 
B-complex, cystine, and choline, or the 
single vitamins riboflavin, pyridoxine, or 
pantothenic acid (Nutrition Reviews 1, 174 
396 (1948); 2, 13 (1944)). Mechanical 
irritation or bile salts hasten the process, 
and one of the simplest ways of producing 
ulcers in the forestomach of the rat is by 
periodic starvation. Thus whatever short- 
comings there may have been in the indi- 
vidual experiments, it is nevertheless evident 
from the great body of evidence that this 
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particular tissue, the forestomach of the 
rat, is extremely sensitive to diet. Lesions 
in the dividing ridge are also comparatively 
frequent, but the glandular area of the 
stomach proper is much more resistant to 
these procedures, and many examples have 
been recorded of stomachs in which the 
glandular portion was normal even though 
the forestomach or ridge was badly ulcerated. 
Lesions in the true gastric portion of the 
rat stomach have been reported only 
occasionally and then on diets that were 
drastically deficient. 

Attempts to produce stomach tumors by 
feeding potent carcinogenic hydrocarbons 
to rats or mice have in general been only 
moderately successful, and the recent ex- 
perience of Peacock and Kirby (Cancer 
Research 4, 88 (1944)) is fairly typical. Mice 
were fed 1 drop daily of a 0.4 per cent solu- 
tion of methyl cholanthrene or benzpyrene 
in oil for periods of over a year. Papillomas 
of the forestomach developed in approx- 
imately one third of the mice, with only a 
“tendency to malignant evolution” indicated. 


More highly malignant changes in the 
forestomach had been observed by Lorenz 


and Stewart (J. Nat. Cancer Inst. 1, 273 
(1941)), when a simple but important alter- 
ation in the technic of administering the 
carcinogen was introduced. Methyl chol- 
anthrene or dibenzanthracene were dis- 
solved in olive or mineral oil and an aqueous 
suspension prepared with a commercial emul- 
sifier “Aerosol OT” (the dioctyl ester of sul- 
fosalicylic acid). Papillomas developed in 
24 of 40 mice; squamous cell carcinoma 
of the forestomach in 10. Evidence of 
malignancy included not only direct 
penetration into other tissues, but also 
metastases. In none of these stomachs 
was the glandular portion involved except 
mechanically when deformed as a result 
of pressure from the cardiac mass. Thus 
the tumors that developed were not analogous 
to the adenocarcinomas that are character- 
istic of human gastric cancer. Indeed, 
after a careful and critical review of all the 
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evidence available at the time, Klein and 
Palmer (Ibid. 1, 559 (1941)) concluded that 
“there is no well established case of adeno- 
carcinoma of the stomach produced ex- 
perimentally.” 

Of the possible dietary factors that have 
been implicated in the high incidence of 
human gastric cancer, considerable atten- 
tion has been given to heated fat. Roffo 
(Bol. Inst. de med. exper. para el estud. y trat. 
de cancer 15, 407 (1938); 19, 503 (1942)) 
fed rats bread and milk to which were 
added equal parts of lard, suet, mutton 
tallow, or olive oil that had been heated to 
350°F. He reported the production not 
only of adenocarcinomas of the glandular 
portion of the stomach, but also of some 
sarcomas. Similar results were observed 
in rats fed heated cholesterol, and it was 
suggested that the heated fats were car- 
cinogenic because the sterol had been 
converted into a carcinogen by the heat. 
Others have reported stomach tumors due 
to diets rich in olive oil, to cholesteryl 
oleate, and to 3,5-cholestadiene. However 
it has been questioned whether the lesions 
observed by Roffo really were adeno- 
carcinomas, although there is no doubt 
that severe erosions resulted from the feeding 
of heated fats. Furthermore, there is no 
real evidence that the heating process re- 
sulted in the production of hydrocarbons 
of the benzpyrene type, which have so 
often proved to be inactive when dissolved 
in oil and fed to rats or mice. The tempera- 
ture of heating, 350°F. was higher than 
that of most ovens, but as Kirby points 
out, similar chemical changes could never- 
theless occur at the surface of fats that are 
heated repeatedly, especially in an open 
frying pan or grill. Thus, the experiments 
of Roffo have a bearing on the human 
problem, and during the past year other 
experiments on heated fats have been 
reported by three groups of investigators: 
Steiner, Steele, and Koch (Cancer Research 
3, 100 (1943)); Morris, Larsen, and Lip- 
pincott (J. Nat. Cancer Inst. 4, 285 (1943)); 
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and Kirby (Cancer Research 4, 94 (1944)). 
Samples of beef and pork were oven-fried 
or oven-baked by Steiner, Steele, and 
Koch, and then tested for carcinogenicity 
of the fat either by feeding or by injecting 
fractions subcutaneously into mice. Most 
of the preparations were inactive, as was 
heated cholesterol. However, sesame oil 
that had been heated to 350°F. produced 
subcutaneous sarcomas in 3 of 9 injected 
mice that lived more than a year. Kirby 
failed to observe any gastric lesions in rats 
fed various fractions obtained from choles- 
terol preparations that had been heated 
to 300°F. Morris, Larsen, and Lippincott 
heated lard at 350°F. for one-half hour or 
at 300°F. for two hours and mixed the 
products with equal parts of a nutritionally 
adequate diet. Young adult rats fed such 
mixtures maintained their weights whereas 
definite increases in weight were observed 
when unheated lard was fed. The rats on 
the heated lard developed a characteristic 
paralysis suggestive of vitamin E deficiency, 
and occasional lesions were found in the 
livers, heart, kidneys, or stomachs of 
animals that survived for a year. None of 
the lesions was neoplastic. 

In a discussion of the differences between 
these results and those of Roffo, it was 
pointed out that the basal diet employed 
by Morris, Larsen, and Lippincott was 
undoubtedly better nutritionally than that 
of Roffo, that rats fed overheated fats usually 
eat less food, and that the decomposition 
products not only may be toxic to the 
animals directly, but that they may destroy 
essential nutrients in the basal ration. For 
example, the adequacy of both vitamins E 
and A would be suspected in such mixtures. 
It is of course possible that the tendency 
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to form gastric ulcers on deficient diets 
might be enhanced by heated fats per se, but 
the results available to date can be ex- 
plained equally well on the assumption that 
heated fats tend to intensify the deficiencies 
inherent in the basal diet by means both of 
direct destruction (by peroxides) and of a 
reduced food intake, and that the lesions 
which result are really the result of dietary 
deficiences. 

An over-all survey of the field thus 
indicates that no really satisfactory equiv- 
alent of human gastric cancer has been 
found in experimental animals. That this 
search is worth while is tragically evident 
from mortality statistics: “Cancer of the 
digestive tract in man accounts for approx- 
imately 45% of all deaths from cancer at 
the present time.” It is almost axiomatic 
that progress in the control of a human 
disease tends to be slow and empirical until 
that disease can be produced in experimental 
animals and its fundamental characteristics 
studied under suitably controlled conditions 
and on an adequate scale. One possible 
way of producing gastric cancer in animals 
is suggested by information recently made 
available. A carcinogen must be brought 
into actual contact with stomach tissue 
if a tumor is to develop there. Such contact 
is not achieved when a hydrocarbon is fed 
in oil to a healthy rat, although the presence 
of a potent emulsifier apparently permits 
penetration through the protective coating 
of mucus. This protective coating is also 
broken when a suitably deficient ulcer- 
producing diet is fed. Hence, the effect 
of the combination of an ulcer-producing 
diet plus an ingested carcinogen ought to 
be studied. 


ASCORBIC ACID AND THE HEALTH OF THE GUMS 


It is generally agreed that severe gingi- 
vitis is a common concomitant of scurvy. 
In his “Treatise on the Scurvy,” James 


Lind wrote: “The first indication of the 
approach of this disease is generally a change 
of colour in the face, from the natural and | 
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usual look, to a pale and bloated complexion; 
with a listlessness to action, or an aversion 
to any sort of exercise. When we examine 
narrowly the lips, or the corners of the 
eye, where the blood-vessels lie most exposed, 
they appear of a greenish tinge. Mean- 
while the person eats and drinks heartily, 
and seems in perfect health; except that his 
countenance and lazy inactive disposition 
may portend an approaching scurvy... . 

“Their former aversion to motion de- 
generates soon into an universal lassitude, 
with a stiffness and feebleness of their 
knees upon using exercise; with which 
they are apt to be much fatigued, and soon 
put out of breath. This lassitude and 
difficulty of breathing upon motion, are 
observed to be among the most constant 
concomitants of the distemper. 

“Their gums soon after swell, and are 
apt to bleed upon the gentlest friction. 
Their breath is then offensive, the gums have 
an unusual livid appearance, are soft and 
spongy, and become afterwards extremely 
putrid and fungous, one of the most distin- 
guishing signs of the disease. 

“Their skin at this time . . . is found cov- 
ered with several reddish, bluish, or more 
frequently black and livid spots, equal with 
the surface of the skin, resembling an 
effusion of blood under it... They are to 
be seen chiefly on the legs and thighs.” 
(8rd edition, pp. 99-101, London (1772)). 

Similarly, the late distinguished clinician 
Alfred Hess pointed out: ‘The earliest 
sign of scurvy is usually a change in the 
complexion of an_ individual... About 
the same time the patient loses his 
accustomed vigor, seemingly becomes in- 
dolent and complains of tiring quickly, and 
of breathlessness.... Very soon the gums 
become sore, bleed readily, and are found 
to be congested, spongy, and somewhat 
hemorrhagic at their edges. Absolute re- 
liance must not, however, be placed on this 
sign for early diagnosis, as at times it does 
not appear until later. Careful examination 
at this stage will disclose petechial spots on 


the body, more especially on the legs.” 
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(“Scurvy Past and Present,” Philadelphia, 
pp. 176-7 (1920)). 

Thus both of these well known observers 
list certain signs which appear before the 
gum changes, and note that petechiae 
appear on the skin at about the same time. 
This clinical experience was duplicated 
experimentally in the work of Crandon, 
Lund, and Dill (New Engl. J. Med. 223, 
853 (1940)) when human scurvy was 
produced experimentally under carefully 
controlled conditions. No change in the 
condition of the gums was noticed until after 
petechiae had appeared on the legs, follow- 
ing six months subsistence on a virtually 
vitamin C-free diet. 

Nevertheless in recent years a number of 
workers have claimed that gingivitis alone 
is indicative of vitamin C deficiency, and 
that it is commonly found without any 
other sign. This claim might have been 
based on observations such as those of 
Campbell and Cook (Brit. Med. J. 1, 360 
(1941)) who gave ascorbic acid to 14 
patients whose gums bled promptly upon 
the application of pressure, and noted a 
return to normal condition in about four 
days. With this rapid healing there is 
good reason to believe that the cure was 
brought about by the specific therapy, and 
that the gingivitis was indeed due to vitamin 
C deficiency. The experience of Burrill 
(J. Dental Research 21, 353 (1942)), who 
reported on the plasma ascorbic acid level 
and gum condition of nearly 1400 dental 
cases, led him to conclude that although a 
large proportion of cases with low plasma 
level had gingivitis, yet the correlation was 
not close enough to relate the two as cause 
and effect. This suggests that while some 
gingivitis may be due to vitamin C deficiency 
more is the result of other causes. 

This question has now been studied by 
Stamm, Macrae, and Yudkin (Brit. Med. J. 
2, 239 (1944)) in three carefully controlled 
experiments involving 2961 members of 
the personnel of four Royal Air Force 
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stations. In these experiments all available 
personnel at the stations were examined, 
except those who were already taking 
vitamin C or undergoing treatment for 
acute ulcerative gingivo-stomatitis. One 
experiment was made in the fall, and two in 
the spring. The gums of the lower jaw were 
examined at the outset for bleeding after 
digital massage; the presence or absence 
of bleeding was noted, and if present it 
was classified in one of three degrees of 
severity. Of those found with bleeding 
gums, alternate subjects were treated with 
daily doses of ascorbic acid for 3 weeks, 
(the doses varied from 100 mg. to 200 mg. 
daily at different times in different ex- 
periments) or with a placebo flavored with 
tartaric acid. The subjects did not know 
which they received. At the end of the 
period, examination of the gums was re- 
peated by an observer who had no notes 
of the condition at first examination and 
no knowledge of the treatment given. 
No significant difference was noted in the 
percentage of subjects improved in the two 
groups. In the third experiment three 
examinations were made at intervals of 
three weeks, and it was observed that 
despite treatment the number of the 600 
subjects who showed bleeding of the gums 
varied only from 111 to 122, but included 
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different individuals each time. Thus 48 
subjects bleeding at first examination did 
not bleed at the second examination but 
37 subjects then bled for the first time; 
and at the third examination 34 more had 
stopped bleeding, while 41 had started. 

The average daily ascorbic acid intake 
of the subjects was determined by measuring 
the weight of each food item served in the 
messes through one week, and titrating 
each foodstuff with Tillman’s reagent. It 
was found to be 25.8 mg. in the fall and 
16.8 mg. in the spring. 

The authors concluded that there is a 
large random variation in the degree of 
bleeding of the gums, irrespective of treat- 
ment; that a similar incidence occurred 
at each of the four stations in spring and 
fall; and that no greater improvement was 
obtained by treatment with ascorbic acid 
than with control tablets. Noting the 
rapid return to normal of the patients seen 
by Campbell and Cook one is justified in 
concluding (a) that a therapeutic trial will 
serve to distinguish within a few days whether 
a given case of gingivitis is or is not due to 
vitamin C deficiency, (b) that there is no 
justification for ascribing gingivitis to 
vitamin C deficiency unless therapeutic 
trial with ascorbic acid rapidly cures it. 


ASYMMETRIC CUTANEOUS LESIONS IN PELLAGRA 


The cutaneous lesions in pellagra are 
usually symmetric. This is to be expected 
as they are caused by a systemic disorder. 
It is not generally recognized that the lesions 
may sometimes be asymmetric. Bean, 
Spies, and Vilter (Arch. Dermat. Syph. 49, 
335 (1944)) discuss the pathogenesis of these 
lesions in a report based on the study of 889 
pellagrins with dermatitis. These writers 


point out that the changes in the skin in 
pellagra may be indolent, and do not neces- 
sarily parallel the severity of the disease. 
The cutaneous lesions in different parts of 


the body, furthermore, are often in different 
phases simultaneously. They may be in the 
stage of early erythema on the arms and in 
the stage of desquamation and pigmentation 
on the legs. In the first published descri»- 
tion of ‘“‘mal de la rosa,” as pellagra was 
early called (1755), it was pointed out that 
the lesions do not always involve both hands 
or both feet and that they may be seen, for 
example, on one hand and one foot, or on two 
hands and one foot. Various writers since 
then have noted the asymmetry of the 
lesions. Bass (Med. Clin. North America 
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9, 869 (1926)) pointed out that irritation, 
pressure, heat, and cold as well as the more 
familiar sunlight were factors in predispos- 
ing to the localization of the dermatitis. 
Goldberger (Pub. Health Reports 42, 2193 
(1927)) cautioned that it must not be hastily 
assumed that the possibility of pellagra is 
necessarily excluded if the skin lesion is 
asymmetric. 

Bean and associates studied 32 examples 
of unilateral or asymmetric dermatitis from 
among their 889 cases. Each of these 
patients gave a history of a grossly deficient 
diet or of some disease interfering with 
nutrition, and each had typical pellagrous 
glossitis. The response to treatment with 
nicotinic acid was characteristic of that seen 
in pellagrins. These cases included 5 in 
which the dermatitis was present on only 
one leg, in association with varicose veins, 
or was more prominent on that leg. In 2 
cases it was located in association with 
scars. It appeared following initiation of 
operation in 2 cases and was present over 
bursae in one. All of these patients were 


ambulatory. The dermatitis was found on 
one elbow of each of 11 bedfast patients, 
and in one patient the lesion was worse on 
one elbow and the wrist of the same arm. 
In the remainder of the bedfast patients, the 
lesions were found in scars, following initia- 
tion of operation, in a nonparalyzed arm, or 


over bursae. In one patient dermatitis 
developed over an area that had been 
painted with iodine. A similar application 
of iodine later, after successful treatment 
with nicotinic acid, failed to produce an 
eruption. 

The difference in the location of the lesions 
in ambulatory and bedfast patients is of 
significance because in an ambulatory pa- 
tient varicose veins would be expected to 
impair circulation more than in a bedfast 
one. Likewise in a bedfast patient inclined 
to rest on one elbow more than on the other 
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an asymmetric distribution of pressure 
would occur. These observations lend sup- 
port to the view that local differences deter- 
mine where the dermatitis of pellagra will 
appear. The investigators suggest that the 
single underlying mechanism in all cases 
may be a failure of the blood supply to meet 
local tissue demands, leading to local areas 
of increased susceptibility to the changes 
which produce pellagrous dermatitis. They 
regard the cutaneous lesions as well as other 
disturbances in pellagra as resulting from a 
decreased function of the respiratory en- 
zymes. Where local anoxia or increased 
metabolism prevails, localization of lesions 
may occur. Since this is usually equal on 
the two sides of the body, the pattern of 
pellagrous dermatitis generally is bilaterally 
symmetric. Bean and associates consider 
solar radiation to be a nonspecific irritant 
comparable in its effect to less frequent 
irritants such as stasis, scars, burns, pres- 
sure, irritation, friction, and inflammation. 

The normal physiology of the skin is not 
well understood. As these workers point 
out, there is no method for studying sep- 
arately the quantity of blood needed by the 
skin for local metabolism and the larger 
portion which is concerned with regulation of 
temperature. A study of the physiology 
of the skin will be helpful in elucidating some 
of the problems which these investigators 
raise. They report a few experimental 
studies in which local heat or pressure, or 
both, were applied to the limbs of patients 
with pellagra and to control subjects. In 
2 pellagrins in relapse, asymmetric cutane- 
ous lesions appeared to be induced by heat 
and ischemia but in a number of other 
cases the experiments were not very con- 
vincing. In the latter, however, the con- 
ditions of the patients may have already 
been too far in the direction of improvement 
for the necessary biochemical background 
to have existed. 
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THE BACTERIAL SYNTHESIS OF VITAMIN K IN THE MAMMALIAN 
INTESTINE 


The development of our knowledge of the 
synthesis of vitamin K in the intestine of 
the mammal is still consolidating in an 
orderly manner the general scheme deduced 
from earlier observations. The earliest 
experiments of Dam (Biochem. J. 29, 1273 
(1935)) and of Almquist and Stokstad (J. 
Biol. Chem. 111, 105 (1935)) established the 
existence of vitamin K by showing that 
chicks maintained on suitable deficient 
diets developed a severe hemorrhagic ten- 
dency with decreased clotting power of the 
blood; and concentrates prepared from cer- 
tain natural foodstuffs prevented or cured 
this pathologic condition. 

In 1936 Almquist and Stokstad (J. 
Nutrition 12, 329 (1936)) demonstrated that 
chicks fed on a ration devoid of vitamin K 
nevertheless excreted fecal matter which 
contained some vitamin K. As they had 
previously shown that exposure of dietary 
ingredients to the action of microorganisms 
can cause the development of antihemor- 
rhagic (vitamin K) activity, they concluded 
that the vitamin is synthesized by bacterial 
action in the lower portions of the intestinal 
tract, where absorption into the blood 
stream is not possible, or is at best very 
limited. 

In the same year the immediate cause of 
the decreased clotting power of the blood 
was identified by Dam, Schgnheyder, and 
Tage-Hansen (Biochem. J. 30, 1075 (1936)) 
as a decreased prothrombin content of the 
plasma. Early in 1937 Dam, Schgnheyder, 
and Lewis (Ibid. 31, 22 (1937)) showed that 
rats, guinea pigs, and dogs, in sharp contrast 
to chickens, could be maintained for long 
periods on diets containing no vitamin K 
without the production of hemorrhagic 
disease. They suggested the alternative 
hypotheses that these species (1) had no 
need of vitamin K; (2) synthesized the vita- 
min within their bodies; or (3) absorbed 
vitamin K which was synthesized in their in- 


testines by bacteria. Greaves and Schmidt 
(Proc. Soc. Exp. Biol. Med. 37, 43 (1987)) 
caused a reduction in the plasma prothrom- 
bin of rats by means of a bile fistula, and 
restored the prothrombin level slowly by giv- 
ing vitamin K concentrates orally, rapidly by 
giving bile or bile salts together with the con- 
centrates. Smith, Warner, Brinkhous, and 
Seegers (J. Exp. Med. 67, 911 (1938)) found 
that the same relations were true for the dog. 
Almquist (Science87, 538 (1938)) then showed 
that bile itself does not contain vitamin K. 

These observations, together with those 
of other workers, had established before 
1940 that a number of mammals are more 
or less independent of vitamin K in their 
food since it is synthesized by their intestinal 
bacteria, and that bile is essential for the 
absorption of vitamin K from the intestine 
of the animal, whether chick or mammal. 
Within a given species, individuals may vary 
widely in the extent to which they are pro- 
tected by intestinal synthesis; thus Greaves 
(Am. J. Physiol. 125, 429 (1939)), feeding 
rats on a particular K-free ration, observed 
that of 77 rats, 12 developed prothrombin 
levels below 50 per cent of the normal, while 
the remaining 65 maintained prothrombin 
levels near normal. 

Dam, Glavind, Orla-Jensen, and Orla- 
Jensen (Naturwiss. 29, 287 (1941); Zent. 
Bakt. 2 Abt. 104, 202 (1941)) next found that 
two strains of B. coli which they examined 
were able to synthesize vitamin K both from 
broth media and from simplified media con- 
taining no organic compounds save as- 
paragine, glucose, and citrate. In addition 
they found that the coliform organisms pro- 
duced more vitamin K than other species 
commonly occurring in the intestines. 

After the introduction of the sulfonamides, 
experiments were made to find the effect 
of adding them to diets, with the expectation 
of decreasing the growth of intestinal bac- 
teria and so depriving the host of substances 
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synthesized by these microorganisms. In 
the earliest experiments by Black, McKib- 
bin, and Elvehjem (Proc. Soc. Exp. Biol. 
Med. 47, 308 (1941)) it was noted that 0.5 
per cent of sulfaguanidine or succinylsulfa- 
thiazole added to a diet of sucrose, casein, 
salts, corn oil, haliver oil, and synthetic 
vitamins reduced the growth of young rats, 
but caused no increase in the clotting time 
of the whole blood of these rats. Using 
the more delicate determination of ‘“pro- 
thrombin time” of diluted plasma, Black, 
Overman, Elvehjem, and Link (J. Biol. 
Chem. 145, 137 (1942)) found that not only 
was the growth of the rats depressed, but 
there was also a decrease in the prothrombin 
level of the plasma. This was to be ex- 
pected if the rats were dependent on the 
intestinal flora for synthesis of needed vita- 
min K, and the sulfonamides decreased the 
bacterial count sufficiently to render the 
remaining organisms unable to supply 
their hosts with sufficient vitamin K. 

However, one fact was uncovered which 
apparently suggested that this simple ex- 
planation was not sufficient. Para-amino- 
benzoic acid, a known antagonist of sulfon- 
amides in their effect on bacterial growth 
(Woods, Brit. J. Exp. Path. 21, 74 (1940)), 
was found to prevent hypoprothrombinemia 
in the sulfonamide-fed rats, not only when 
it was given orally, but also when given 
parenterally. This suggested to the authors 
that the effects of the sulfonamides on the 
prothrombin level could not be explained 
as a result of changes in the intestinal flora 
alone, but might be due to an unrecognized 
direct action upon some tissues of the rat, 
leaving in obscurity the exact mode of action 
of the drugs. 

The most recent work, from the labora- 
tories of the National Institute of Health, 
has however removed this apparent com- 
plication. Kornberg, Daft, and Sebrell 
(Pub. Health Reports 59, 832 (1944)) dis- 
covered that whereas sulfaguanidine, suc- 
cinylsulfathiazole, and sulfanilamide added 
to the diet of the rat caused a mild hypo- 
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prothrombinemia, more severe degrees of 
vitamin K deficiency could be produced in 
shorter time if sulfapyrazine, sulfadiazine, 
or sulfathiazole were used. Prolongation 
of the clotting time of whole blood (seen only 
in extreme deficiency) and multiple massive 
hemorrhages commonly occurred. More- 
over, the order of effectiveness of the 
sulfonamides used was similar to the order 
found by White (Bull. Johns Hopkins Hosp. 
71, 213 (1942)) for bacteriostatic activity 
against coliform organisms in the intestines 
of the mouse. Kornberg et al. also devised 
a semiquantitative but rapid assay for vita- 
min K, using sulfonamide-fed rats as test 
animals. They found that a dose of 5 
micrograms or more of 2-methyl-1 ,4-naph- 
thohydroquinone diacetate given to a rat 
with severe hypoprothrombinemia caused 
a return to the normal range in forty-eight 
hours. Two micrograms or less caused a 
prothrombin increase of doubtful signifi- 
cance, and doses between 2 and 5 micro- 
grams produced intermediate results. 

In a later publication Kornberg, Daft, 
and Sebrell (J. Biol. Chem. 155, 193 (1944)) 
observed that decreased prothrombin levels 
can be produced in rats by giving sodium 
sulfadiazine subcutaneously. One half mil- 
ligram daily per gram of body weight caused 
severe deficiency, although less severe than 
was caused by 1 per cent of sulfadiazine or 
sodium sulfadiazine in the diet. The con- 
centrations of sulfadiazine in the blood and 
in the cecal contents were measured, and it 
was found that the stated subcutaneous 
dose of sodium sulfadiazine maintained 
levels of free sulfadiazine, both in the blood 
and the cecal contents, similar to those 
produced by a diet containing 0.5 per cent 
of sulfadiazine. The majority of rats hav- 
ing more than 110 mg. of sulfadiazine per 
100 g. wet cecal contents developed hypo- 
prothrombinemia, but none with lower sulfa- 
diazine levels. 

It was confirmed that p-aminobenzoic acid 
given subcutaneously counteracted the effect 
of the sulfonamide, but further it was 
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shown that daily injection of p-amino- 
benzoic acid caused a large increase in the 
concentration of this compound in the con- 
tents of the cecum. Five micrograms per 
gram body weight caused a thirtyfold in- 
crease, and 50 micrograms per gram a hun- 
dredfold increase over the amougt found in 
the cecal contents of rats not given p-amino- 
benzoic acid. Finally it was shown by the 


SELENIUM 


Ever since the early settlement of the 
Great Plains and Rocky Mountain regions 
of the West, homesteaders and ranch owners 
in certain areas have experienced losses of 
livestock resulting from a malady which 
the pioneers described as “alkali disease.” 
‘“‘Alkalied” animals lost vitality, became 
emaciated, and eventually died with charac- 
teristic pathologic conditions which included 
erosion of bones, loss of hair, anemia, de- 
formed and tender feet, and loss of hoofs. 

As early as 1856 an army surgeon de- 
scribed a fatal disease of army horses, 
mules, and Indian ponies, at Fort Randall, 
in the Territory of Nebraska, which seemed 
to be associated in some way with forage 
plants common to the locality. During 
the period 1890 to 1910 similar livestock 
losses were reported in Kansas, South 
Dakota, Wyoming, and Nebraska. Many 
of the early reports associated the disease 
with high concentrations of alkaline salts 
in the soils and waters of the region. 

By 1913 the South Dakota Agricultural 
Experiment Station had conducted suffi- 
cient experiments with alkali waters to con- 
clude that the term “alkali disease” was a 
misnomer and that alkaline waters pro- 
duced no deleterious effects on farm animals. 
Furthermore, as a result of feeding experi- 
ments and laboratory studies on toxic crop 
plants, it was finally concluded that the 
disease was not due to the presence of toxic 
plant alkaloids or glucosides. 

In 1922 Hutton concluded, as a result 
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new bioassay that the vitamin K content of 
both cecal contents and feces was greatly 
reduced by adding either sulfapyrazine or 
sulfadiazine to the diet. These observations 
indicate decisively that the action of the 
sulfonamides in decreasing prothrombin 
levels can indeed be fully explained on the 
basis of effects exerted within the intestinal 
tract. 


POISONING 


of a soil survey of affected areas of South 
Dakota, that “alkali disease” was related 
to certain soil types. During the next five 
or six years chemical studies failed to reveal 
toxic inorganic or organic substances in 
forage plants or in cereal grains grown in 
affected regions, although laboratory studies 
with rats had indicated that certain of these 
feeds were sufficiently toxic to cause in- 
hibited growth, loss of hair, lameness, and 
liver degeneration. Up to 1934 most of this 
work had remained unpublished and existed 
largely as “‘progress reports’’ in the files of 
the agricultural experiment stations. 

As a result of a cooperative arrangement 
between the Federal Bureau of Chemistry 
and Soils and the South Dakota Experiment 
Station, a report was published (Franke, 
Rice, Johnson, and Schoening, U. S. D. A. 
Circular no. 320 (1934)) summarizing the 
known facts regarding ‘‘alkali disease’? in 
livestock. In 1931, Robinson of the U. 8. 
D. A. Bureau of Chemistry and Soils dis- 
covered the presence of selenium in the pro- 
tein fraction of a sample of grain which 
Franke of South Dakota had found to be 
toxic when fed to rats. Preliminary tests 
with rats in the U. 8. D. A. Bureau of Home 
Economics showed that symptoms similar 
to those described by Franke could be pro- 
duced experimentally by adding selenium 
salts to a normal diet. Similar cooperative 
studies had been conducted simultaneously 
at the University of Wyoming, with the 
result that Beath, Eppson, and Gilbert 
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(Wyoming Exp. Sta. Bull. 206 (1934)), 
Franke and co-workers at South Dakota, 
and government scientists (Smith, Franke, 
and Westfall, Pub. Health Reports 61, 
1496 (1936)) definitely attributed the toxic 
effects of certain range plants and cereals 
to the presence of selenium. Approximately 
two hundred papers have been published on 
various phases of the selenium problem since 
1934. An excellent detailed summary of 
research work, prior to 1937, on this impor- 
tant economic problem has been published 
by Moxon (South Dakota Agr. Exp. Sta. 
Bull. 311 (1987)). 

Systematic studies at South Dakota and 
Wyoming eventually mapped the areas and 
soil types which contributed most heavily to 
toxic crops. It was found that certain types 


of forage plants possess unique ability to 
extract selenium from seleniferous soils. 
Most crop plants, of themselves, do not 
possess the ability to extract selenium salts 
in large amounts. However, when crop 
plants grow in close proximity to seleniferous 
weeds and forage plants, the former may 


become highly toxic. This is explained on 
the assumption that the latter are “conver- 
ter” plants, changing the selenium com- 
ponents to a form more easily available to 
the crop plants. 

Since chemical studies at South Dakota 
and Washington, D. C., showed that sele- 
nium tended to concentrate in the protein 
fractions of toxic cereals, the hypothesis was 
advanced that selenium might substitute 
itself for sulfur in the sulfur-containing 
amino acids. However, experiments by 
Franke and Painter (Ind. Eng. Chem. 29, 
591 (1937)) showed that the addition of 
sulfur or gypsum to selenized soils had little 
if any effect on selenium binding by plant 
proteins. To date, no effective soil manage- 
ment methods have been found which will 
reduce the absorption of selenium by plants 
grown on selenized soils. 

Laboratory experiments showed that no 
domestic animal is immune from selenium 
poisoning. Experiments with horses, cattle, 
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and hogs when fed seleniferous rations led 
to all the symptoms and pathologic con- 
ditions previously observed in the field. 
These included “blind staggers,” charac- 
teristic stiffness, lameness, loss of weight, 
loss of hair, sore feet, and separation of the 
hoofs from the feet. It was shown that 
sufficient selenium can be excreted in the 
milk of selenized cows to cause selenium 
poisoning in calves. Similar experiments, 
in which experiment station hogs were fed 
seleniferous feeds, led to similar abnor- 
malities identical with those found in the 
field. Selenized hogs did not recover readily 
when transferred to normal feed and such 
hogs did not fatten. 

Growing chicks and mature poultry 
seemed to be resistant to selenium poison- 
ing but eggs from selenized hens, although 
fertile, produced deformed chick embryos 
and hatchability was reduced to a mini- 
mum. 

Experiments by Moxon and Franke (Ind. 
Eng. Chem. 27, 77 (1935)) showed that 
selenium salts inhibited yeast fermentation, 
corroborating previous work (J. Nutrition 
8, 625 (1934)) in which it was shown that 
the presence of seleniferous grains also 
prevented yeast fermentation. This work 
furnished an explanation for the long es- 
tablished reluctance of brewers of beer to 
purchase barley grown in certain “alkali’’ 
areas in the western states. 

Attempts to detoxify selenized animals 
were encouraging. Additions of arsenic as 
sodium arsenite tended to delay and pre- 
vent the onset of symptoms of selenium poi- 
soning in rats (DuBois, Moxon, and Olson, 
J. Nutrition 19, 477 (1940)) and in hogs 
(Moxon, Proc. South Dakota Acad. Sci. 21, 
84 (1941)). Also Moxon and co-workers 
(J. Biol. Chem. 132, 785 (1940)) were able 
to deplete selenized animals of selenium 
stores by feeding bromobenzene on the as- 
sumption that selenium-containing amino 
acids would be excreted in the urine in a 
manner similar to the excretion of p-bromo- 
phenylmercapturic acid which is formed by 
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the conjugation of cystine and methionine 
with bromobenzene. These experiments 
were conducted at the experiment station 
on 2 dogs and 2 steers. The authors also 
cite one case in which a selenized human 
being was detoxified by the administration 
of bromobenzene. If these observations 
are correct, this would lend further support 
to the hypothesis that selenium may replace 
sulfur in the sulfur-containing amino acids. 

Additional evidence supporting the 
hypothesis that selenium may function 
in the place of sulfur in cystine has been 
advanced by Moxon, DuBois, and Potter (J. 
Pharmacol. Exp. Therap. 72, 184 (1941)). 
Experiments were conducted with d- and 
]-selenium cystine using rats as experimental 
subjects. Toxicities produced by oral ad- 
ministrations of seleniferous wheat, sodium 
selenite, and selenium cystine seemed to be 
of about the same order of magnitude. The 
presence of arsenic in the drinking water 
protected against toxicity of selenium-cys- 
tine. The l]-form of selenium-cystine was 
much more toxic than the d-form. Moxon 
and Rhian (Physiol. Rev. 23, 305 (1948)) 
have discussed theories regarding the prob- 
able mechanics of selenium poisoning and 
have appended a bibliography of one hun- 
dred ninety-five references to the selenium 
literature. 

In a later paper Moxon, Rhian, Anderson, 
and Olson (J. Animal Sci. 3, 299 (1944)) 
describe experiments in which they have 
endeavored to conduct practical experiments 
on the range under scientifically controlled 
conditions. This was accomplished by ob- 
taining the use of a ranch with permission 
of the Resettlement Administration. The 
ranch was selected in an area where ranchers 
had reported “blind staggers” and “alkali 
disease” to be severe. All previous oper- 
ators of the ranch had experienced losses of 
cattle as a result of ‘alkali disease.’? Chem- 
ical analyses of soil and vegetation taken 
from the ranch substantiated the previous 
history of “alkali disease.”’ 

Grazing experiments were outlined in such 
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a manner that yearling steers from selenif- 
erous and nonseleniferous areas were per- 
mitted to graze on seleniferous vegetation. 
This was done to confirm or disprove the 
popular belief that animals raised on selenif- 
erous range develop resistance to “alkali 
disease.”” Steers were divided into 4 groups, 
each group of which contained 5 animals 
which had been raised in the seleniferous 
region and 5 animals which had been raised 
in nonseleniferous areas. Range areas were 
fenced off in such a manner that one group 
was limited to 10 acres per head and was 
forced to eat most of the vegetation in order 
to satisfy hunger, while other groups were 
permitted larger grazing space. All groups 
had access to salt while one group was 
given salt containing arsenic in the form of 
sodium arsenite. During the first year the 
arsenic content of the salt was raised from 
5 p.p.m. to 10 p.p.m. During the second 
year the arsenic content of the salt was 
raised to 25 p.p.m. During the winters the 
cattle were permitted to graze near the barns 
when weather permitted. Western (selenif- 
erous) grass hay and alfalfa were fed during 
the rest of the winter months. 

Animals were weighed and blood samples 
were taken at regular intervals. The blood 
analyses are to be reported in a later pub- 
lication. During the two year experimental 
period samples of range plants were analyzed 
for selenium. These ranged from 4.07 to 
13.09 p.p.m.of selenium. The western wheat 
grass, used as winter feed, averaged about 
3 p.p.m. while the selenium content of the 
western alfalfa hay was 5.6 p.p.m. 

At the end of the first year 2 of the heavi- 
est steers were sold from each lot. These 
were replaced by heifers in order to start a 
study of the effect of selenium poisoning on 
reproduction. The rest of the steers and 
some additional heifers were continued 
through a second experimental year. 

While the experiments are still in the 
preliminary stage, the authors conclude, as a 
result of the first year’s test, that all steers 
made fair gains on seleniferous range and 
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winter feed. Animals tended to grow during 
the grazing seasons and remain stationary 
during the winter periods. Animals on the 
limited pastures (10 acres per head) gained 
the least. Yearlings which had been raised 
in nonseleniferous areas made gains equal 
to those of native animals. 

During the second year, animals made 
good gains, with slight growth during the 
winter. Steers which were maintained on 
medium sized pasture (20 acres per head) 
plus the arsenic-salt mixture made the best 
gains and brought the highest market price 
at time of sale. 

Observations on evidence of selenium 
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poisoning were made seven times each 
year. Lameness or stiffness was usually 
observed each summer or fall about the 
time grass began to dry out as a result of 
hot winds. A few weeks after lameness 
appeared, hoofs began to crack at the point 
of growth. Eventually the old hoof became 
detached and was replaced by new growth. 
Symptoms usually disappeared by the end 
of winter and did not recur until late sum- 
mer or early fall. It was observed that the 
tissues of steers at the end of the second 
year were higher in selenium than those of 
steers maintained for one year on the selenif- 
erous diet. 


MALE SEX HORMONES AND PROTEIN METABOLISM 


The interest in the interrelationship of 
vitamins and hormones has to some extent 
overshadowed the importance of endocrine 
factors with respect to other nutritional 
essentials. Yet there are numerous reports 
in the literature concerned primarily with 
endocrinology which indicate the importance 
of hormone control in the way the body 
handles minerals and proteins. 

Kochakian and Murlin (J. Nutrition 
10, 437 (19385)) demonstrated that male 
sex hormones extracted from urine consis- 
tently led to nitrogen retention when ad- 
ministered to castrated dogs. They induced 
a decrease in urinary nitrogen excretion, 
due entirely to a diminution of urea nitro- 
gen, with the other nitrogenous excretory 
products unaffected. It was found that the 
nitrogen retained was never completely ex- 
creted following discontinuation of the 
hormone treatment, in distinct contrast to 
the water and electrolyte retention which 
also was induced, but was lost promptly in 
a few days after the treatment was stopped. 
In subsequent studies (Am. J. Physiol. 
117, 642 (19387); Endocrinology 21, 750 
(1937)) these workers demonstrated that 
this effect was exerted in castrated dogs by 
natural androgens, synthetic androgens, 


and by activated natural products, indicat- 
ing it to be a consistent feature of andro- 
genic activity. The energy metabolism of 
these animals was studied carefully and 
appeared to be unaffected by the hormone 
administration. 

Kenyon and co-workers (Endocrinology 
23, 135 (1988)) demonstrated similar nitro- 
gen retention when testosterone propionate 
was administered to human males with 
eunuchoidism. The characteristic change 
was again a decrease in urea excretion with- 
out alteration in the protein or nitrogenous 
constituents of the blood. Nitrogen reten- 
tion began one to three days after the 
injections were started and reached its maxi- 
mum in seven to fourteen days; the effect 
lasted one to six days after the last injection, 
and urinary nitrogen approximated the base 
line from one to ten days after treatment 
was stopped. An average retention of 1 
to 4.5 g. of nitrogen was obtained. They 
noted, as had Kochakian and Muriin in the 
preceding studies, that there existed a maxi- 
mum intensity of nitrogen retention per 
day in response to the administered andro- 
gen, which could not be augmented by 
increasing the dosage or prolonging the 
treatment. 
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Subsequent studies by Kenyon and asso- 
ciates (Endocrinology 26, 26 (1940)) showed 
. the same effect of testosterone propionate 
in normal males, although it was quanti- 
tatively less marked than in the eunuchoid 
subjects. When expressed as grams of 
nitrogen retained per day per kilogram of 
body weight of the subject, the retention 
induced in normal males was about one half 
of that induced in eunuchoid subjects by 
the same dosage of androgen. They es- 
timated that their subjects retained from 
103 to 252 g. of protein during the period of 
androgen administration and found that 
this could not be accounted for by an in- 
crease in genital tissue alone. The deposi- 
tion of protein as new tissue elsewhere was 
postulated, a concept supported by the 
decreased urinary excretion of inorganic 
phosphorus, potassium, and creatine which 
accompanied the nitrogen retention. Sub- 
sequent work by the University of Chicago 
group established that the same effect was 
induced by the administration of chori- 
onic gonadotropin (Kenyon and co-workers, 
J.Clin. Endocrinology 2, 685 (1942)) and that 
aged men responded to testosterone pro- 
pionate as did the younger normal men 
(Kenyon, Knowlton, Lotwin, and Sandiford, 
Ibid. 2, 690 (1942)), and again at a lower 
level than in eunuchoid subjects. 

Kenyon, Knowlton, and Sandiford (Ann. 
Int. Med. 20, 632 (1944)) reviewed in detail 
the experimental evidence, as well as the 
clinical evidence afforded by observations 
in patients with androgenic tissue tumors, 
which establish the anabolic effect of andro- 
gens, particularly on protein metabolism, 
and their somatotropic influence in man. 
They suggest that the skeleton and skeletal 
musculature, possibly the kidneys and other 
organs, may be the nongenital sites of new 
tissue deposition under the influence of 
androgens. The testis is conceived of as 
exerting profound general anabolic effects 
and thus accelerating the growth of the 
body. However, the responses noted in 
normal males are interpreted as indicating 
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that the mature normal testis is not exerting 
this anabolic or somatotropic effect to the 
fullest extent to which the organism can 
respond. Since the aging process in itself 
does not appear to limit the capacity of the 
organism to respond to the metabolic effect 
of the androgens, it is reasoned that some 


-as yet obscure opposing process must 


counterbalance the anabolic effect of the 
normal testis in order to achieve the nitro- 
gen equilibrium characteristic of maturity. 
Otherwise, a positive balance of the affected 
tissue constituents would be apparent 
throughout adult life. 

Abels, Young, and Taylor (J. Clin. 
Endocrinology 4, 198 (1944)) conducted a 
study to determine whether the nitrogen 
retained under the influence of the andro- 
gens is used in serum protein formation. 
The study was stimulated by the possibility 
that the administration of these substances 
might be of clinical value in combating the 
nitrogen loss and hypoproteinemia of pa- 
tients subjected to intra-abdominal surgery. 
Not only was the concentration of albumin 
and globulin in the serum determined, but 
the plasma volume was concurrently es- 
timated so that the total quantity of cir- 
culating albumin and globulin could be 
calculated. 

After a nine day adjustment period, nitro- 
gen balance studies were carried out on 4 
male subjects, 3 with gastric carcinoma and 
one normal, consuming a constant diet 
furnishing 1.3 g. of protein per kilogram 
of body weight. In the next eight to four- 
teen days an average daily nitrogen reten- 
tion of from 0.85 to 4.8 g. was observed. 
The daily intramuscular injection of 50 
mg. of testosterone propionate for from 
seven to nine days resulted in an increased 
nitrogen retention of from 1.5 to 3.75 g. 
daily. The total nitrogen retention during 
the period of androgen administration was 
equivalent to from 201 to 276 g. of protein, 
yet the total amounts of circulating albu- 
min and globulin in the serum decreased 
sharply in all subjects. The concentration 
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of serum albumin decreased in 3 subjects, 
and serum globulin decreased in all. 

Administration of the androgen for from 
four to six days longer in 3 of the subjects 
was associated with an increased nitrogen 
retention of from 2.3 to 5.0 g. per day 
above the basal level. At the end of this 
time the concentration of and the absolute 
amount of circulating albumin had increased 
significantly in 2 subjects, but were further 
reduced in the third. Relative and absolute 
values for globulin were increased in one, 
unchanged in one, and further decreased in 
one. In only one subject was the total 
amount of circulating albumin higher at the 
end of the hormone administration than it 
had been at the end of the basal period. 

The fifth subject studied was a normal 
man who had an average —1.8 g. per day 
negative nitrogen balance during a forty- 
two day basal period. He was given 90 
mg. daily of testosterone instead of the 
testosterone propionate, and during the 
first thirty days of androgen administra- 
tion the average nitrogen retention was 
+2.1 g. daily. Despite a nitrogen retention 
equivalent to 392 g. of protein during this 
period, both the concentration and total 
quantities of circulating albumin and globu- 
lin fell. Injections of the testosterone for 
an additional eighteen days resulted in an 
average retention of only 1.0 g. of nitrogen 
per day, yet at the end of the second 
period the concentration and absolute 
amounts of both serum protein fractions 
had risen sharply. 
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The observation that the administration 
of these androgens initially induces both 
relative and absolute hypoproteinemia in 
the face of nitrogen retention, suggests that 
tissue protein may be formed at the expense 
of the serum proteins. An alternative ex- 
planation is that the hormone administra- 
tion at first may inhibit serum protein for- 
mation. It would certainly appear that all 
the retained nitrogen is used in the fabrica- 
tion of tissue protein, at least in the initial 
stages. Even long continued administra- 
tion of androgens seems to be an unreliable 
and relatively ineffective means of elevating 
the serum proteins. 

The evidence at hand strongly indicates 
that the primary metabolic effect of the 
androgens is somatotropic, and that the 
nitrogen retention is a secondary but neces- 
sary concomitant to the formation of new 
tissue protein in body growth. The im- 
portance of the male sex hormone in growth 
during adolescence has been recognized, 
but these studies indicate more precisely 
the role which it plays. Whether the estro- 
gens exert similar anabolic and somatotropic 
effects in the female has not been demon- 
strated as conclusively. 

The possibility that androgens may be a 
physiologically important factor in mediat- 
ing nitrogen equilibrium in the adult 
should be taken into consideration by 
workers in the field of protein metabolism 
as well as by endocrinologists. 


THE STORY OF DICUMAROL 


One of the more spectacular biochemical 
achievements of the past decade has been 
the isolation and synthesis of Dicumarol 
by Link and associates, and their equally 
important studies on the so-called hemor- 
rhagic sweet clover disease. An extended 
account of the development of the problem 
has been published (Link, Harvey Lectures, 


Series 39, 162 (1944)) and thus makes a 
review of the entire subject desirable. 
Historically the problem began some 
twenty years ago on the prairies of North 
Dakota and Canada, where cattle were 
bleeding to death after the consumption of 
spoiled sweet clover hay. Pioneer investi- 
gators such as Roderick and Schofield 
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recognized that the disease was due neither 
to a pathogenic organism nor to a nutri- 
tional deficiency. The disease was charac- 
terized by a delayed coagulability of the 
blood which in turn was due to a marked 
reduction in prothrombin activity. All 
other factors known to be necessary for 
coagulation (fibrinogen, calcium, platelets) 
appeared to be normal. Although no vis- 
ible alterations were noted in the blood 
vessels, spontaneous hemorrhages were fre- 
quent and occurred in almost any part of 
the body. Once bleeding began, it con- 
tinued indefinitely. Thus a minor scratch 
as from a barbed wire fence could have a 
fatal result, and operations such as dehorn- 
ing or castration were particularly disas- 
trous. The best practical treatment for 
the condition was a transfusion of blood 
freshly drawn from normal cattle. For 
milder cases it was sufficient to substitute 
some other food for the spoiled sweet clover 
hay. 

Preliminary attempts to extract a toxic 
agent from the hay were unsuccessful. 
Experiments at Wisconsin, however, sug- 
gested that coumarin might somehow be 
involved in the formation of the hemor- 
rhagic agent. Strains of sweet clover that 
were high in coumarin yielded a toxic hay 
on spoilage; low coumarin varieties of the 
clover were nontoxic after spoilage. When 
coumarin was added to the low coumarin 
strain and the mixture exposed to spoilage, 
a hemorrhagic hay resulted (Smith and 
Brink, J. Agr. Research 57, 145 (1938); 
Roberts and Link, J. Biol. Chem. 119, 
269 (1987)). 

For the isolation of the active substance 
from the hay two technics were needed— 
a method for its extraction, and a suitable 
procedure for the bioassay of the concen- 
trates obtainec. Extraction was achieved 
by solution in dilute alkali. This solvent 
was necessary because the active principle 
proved to be relatively insoluble in other 
liquids. Unfortunately, however, the dilute 
alkali extracted almost everything else in 
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the hay except cellulose, and thus the 
difficulty of subsequent purification was 
great. The biologic activity of the frac- 
tions was determined by measuring the 
prothrombin activity of plasma from stand- 
ard rabbits fed the material (Campbell, 
Smith, Roberts, and Link, J. Biol. Chem. 
138, 1 (1941)). The technic was essentially 
the Quick one-stage measurement of the 
time necessary for the clotting of recalcified 
plasma in the presence of excess thrombo- 
plastin. An important improvement was 
the use of plasma diluted with from 5 to 20 
parts of saline solution. Changes in pro- 
thrombin activity were readily detected at 
these dilutions. Rabbits were found to 
vary considerably in their response to a 
standard hay, and hence a differential assay 
method was adopted in which the response 
of a rabbit to a given concentrate was com- 
pared with the response of that same animal 
to a standard hay. 

The isolation of the substance was finally 
achieved when 5.8 mg. of biologically active 
crystals were obtained (Campbell and Link, 
J. Biol. Chem. 138, 21 (1941)). With im- 
proved technics the yield was stabilized at 
60 mg. of crystals per kilogram of spoiled 
hay, and 1.8 g. of the substance were pre- 
pared. Chemical degradation studies in- 
dicated a relationship to coumarin, although 
the new substance did not appear to be 
identical with any one of some sixty cou- 
marin derivatives that had been isolated 
from natural sources. The substance was 
finally characterized when the agent was 
synthesized by reactions that automatically 
indicated the structure (Stahmann, Hueb- 
ner, and Link, bid. 138, 513 (1941)). The 
synthetic compound was identical with that 
obtained by isolation, and proved to be 3,3’ 
methylenebis (4-hydroxycoumarin). Curi- 
ously enough, this substance had been pre- 
pared synthetically in 1903 by Anschiitz, 
but the melting point recorded was about 
30 degrees too low, and thus had been over- 
looked in the original search of the literature. 
The synthesis used by Link and asso- 
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ciates involved the condensation of 4-hy- 
droxycoumarin with formaldehyde, and 
this also seems to be the route by which 
the compound is found in hay. Presum- 
ably a small portion of the coumarin is 
oxidized to 4-hydroxycoumarin during spoil- 
age, and the subsequent condensation of 
two molecules with one of formaldehyde 
proceeds readily. 

When the synthetic product was fed to 
rats, rabbits, guinea pigs, or dogs, severe 
hypoprothrombinemia was induced, and 
fatal hemorrhages resulted. The condition 
was thus analogous in every respect to the 
hemorrhagic sweet clover disease of cattle. 
Since the compound also lowers the pro- 
thrombin activity of human blood, there is 
every reason to believe that the hemorrhagic 
sweet clover disease could also be induced 
in man. Indeed, a recently published mur- 
der mystery is based upon this theme! 

Once the pure compound was available, 
it became possible to make detailed studies 
of its activity. As might be expected, 
larger doses of the drug increased the extent 


and duration of the hypoprothrombinemia 
induced, and there were also quantitative 
differences between species in their re- 


sponses to the drug. In the course of these 
studies it was repeatedly noted that the 
determination of prothrombin was more 
precise when made on diluted plasma than 
when whole plasma was used. 

Dicumarol (3 ,3’-methylenebis (4-hydroxy- 
coumarin)) proved to be effective only 
after administration to the live animal. 
It did not affect the clotting power of 
drawn blood. Hence it was suggested that 
the drug functions by suspending the syn- 
thesis of prothrombin, presumably in the 
liver. Another suggestion was that it might 
cause prothrombin to be released in a much 
less active form. The drug also produced 
certain secondary effects. The repeated 
administration of toxic doses of the drug to 
dogs caused vasodilatation of the capillaries, 
and the small arteries and veins. Toxi- 
cologic studies revealed central necrosis of 
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the liver, especially in the rat, but also 
occasionally in rabbits, mice, dogs, monkeys, 
and guinea pigs given large doses (Rose, 
Harris, and Chen, Proc. Soc. Exp. Biol. 
Med. 50, 228 (1942); Richards and Cortell, 
Ibid. 50, 237 (1942)). 

Of particular interest to students of nutri- 
tion is the fact that the ability of Dicumarol 
to lower the clotting power of the blood de- 
pends upon the character of the basal diet 
fed. Large doses of vitamin K tend to 
counteract the hypoprothrombinemia in- 
duced, although in certain species, including 
man and the rabbit, the protection offered 
may be incomplete, or too slow to save the 
individual once severe hypoprothrom- 
binemia has set in. A transfusion or the 
administration of plasma continues to be 
the recommended antidote for an over- 
dosage of Dicumarol in the clinic. Certain 
rabbits given Dicumarol fail to respond to 
vitamin K, but show a marked resistance 
to induced hypoprothrombinemia when a 
combination of vitamin K and ascorbic acid 
is given. 

In the rat, on the other hand, vitamin K 
itself is very effective in counteracting the 
anticoagulant (Overman, Field, Baumann, 
and Link, J. Nutrition 23, 589 (1942)), and 
all biologically active forms of the vitamin 
not only tend to maintain the clotting power 
of the blood, but also to prolong the lives 
of animals fed doses of the anticoagulant 
that would be highly toxic on diets free from 
vitamin K. Ascorbic acid does not coun- 
teract the anticoagulant in the rat. Hut 
rats fed a diet of condensed milk can be 
protected against induced hypoprothrom- 
binemia by the administration of any one of 
a number of substances that increase the 
synthesis of vitamin C by the rat (Baumann, 
Field, Overman, and Link, J. Biol. Chem. 
146, 7 (1942)). Carvone and chloretone are 
particularly effective in this connection, 
and markedly prolong the lives of rats fed 
the anticoagulant. 

The first experiments on the effect of 3 ,3’- 
methylenebis (4-hydroxycoumarin) in man 
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were performed when the biochemists who 
had isolated and synthesized the com- 
pound swallowed some of their own prep- 
arations (Link, loc. cit.). Subsequently, 
Butt, Allen, and Bollman (Proc. Staff 
Meetings Mayo Clinic 16, 388 (1941)) ad- 
ministered the substance to 6 patients and 
pointed out the possibility of its use against 
thrombosis in place of heparin. A stable 
synthetic drug that can be taken by mouth 
possesses obvious advantages over an un- 
stable one that is active only when given by 
intravenous injection. International in- 
terest in the therapeutic possibilities of 
Dicumarol were aroused by an editorial 
published in England (Lancet II, 314 
(1941)) entitled “Heparin and a Rival,” 
and since then over fifty papers have ap- 
peared on the action of the anticoagulant in 
man. That Dicumarol lowers prothrombin 
activity and decreases the coagulability of 
the blood in man has been established be- 
yond question of doubt, and the therapeutic 
response in patients with thrombi or emboli 
has been sufficiently good to warrant a con- 
tinued study of the possibilities. There is, 
however, controversy over how desirable it 
is to lower the coagulability of the blood in 
specific cases and the danger of overdosage 
is certainly real, since individuals vary 
greatly in their response to the drug. Fur- 
thermore, the blood may show a prolonged 
clotting time for a full week after dosage is 
discontinued. It would appear therefore 
that for the present the anticoagulant should 
be given only in medical centers equipped 
to make adequate determinations of the 
prothrombin activities of their patients. 
Another line of investigation that grew 
out of the discovery of Dicumarol was the 
synthesis of a large number of related com- 
pounds in an attempt to determine the 
chemical groupings responsible for biologic 
activity. In the course of these investiga- 
tions over 150 old and new compounds were 
tested for their effects on the prothrombin 
activity of rabbit blood. Many of these 
substances were found to act qualitatively 
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like the natural material, but no new com- 
pound was encountered that was more active 
than 3 ,3’ methylenebis (4-hydroxycoumarin) 
itself. In fact, the more a compound 
deviated in structure from the original 
anticoagulant, the less was its biologic ac- 
tivity. Substitutions on the benzene ring 
destroyed activity completely. Esterification 
of the hydroxyl group invariably low- 
ered the activity and in some cases de- 
stroyed it entirely. When a single hydrogen 
atom in the central methylene group was 
replaced, the degree of lowering in activity 
varied with the nature of the grouping in- 
serted: 25 per cent of the activity remained 
when a methyl group was added, but the 
presence of a phenyl group destroyed all 
but 0.5 per cent of the activity. Apparently 
only one half of the biscoumarin molecule 
is needed for some activity to remain; many 
derivatives of 4-hydroxycoumarin were ac- 
tive. These extensive experiments have 
been summarized by Link in his Harvey 
Lecture. 

Two conclusions emerged from the studies 
on structure. The first was that 3,3’ 
methylenebis (4-hydroxycoumarin), or Di- 
cumarol is the most active anticoagulant of 
this general class. Second, all active com- 
pounds can theoretically be degraded in the 
body to salicylic acid or to an o-hydroxy- 
benzoic acid derivative. Dicumarol itself 
is readily degraded into salicylic acid in the 
laboratory. When salicylic acid itself was 
fed to rats on a diet low in vitamin K, a 
hypoprothrombinemia developed, similar to 
that induced by Dicumarol (Link and co- 
workers, J. Biol. Chem. 147, 463 (1948)). 
In fact, salicylic acid proved to be about 
one-twentieth as active as the original anti- 
coagulant, and divided doses were more 
effective than a single massive dose. When 
a natural grain ration was fed, or one 
containing 2-methyl-1,4-naphthoquinone, 
salicylic acid failed to induce hypopro- 
thrombinemia. In other words, vitamin K 
counteracted this particular effect of the 
salicylates. 
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Salicylates did not appear to affect the 
prothrombin activity of the rabbit or the 
dog (both species are relatively resistant 
to avitaminosis K), but this group of sub- 
stances, and aspirin in particular, lowered 
the prothrombin activity of human blood 
(Rapoport, Wing, and Guest, Proc. Soc. 
Exp. Biol. Med. 53, 40 (1943)). This effect 
has been noted even on diets that were not 
deliberately restricted (Shapiro, Redish, 
and Campbell, Ibid. 53, 251 (1943); Meyer 
and Howard, Ibid. 53, 234 (1943)), but as 
in the rat, vitamin K counteracts the 
effect of salicylates in man. Over the past 
fifty years European clinicians have re- 
corded repeated examples of hemorrhages 
of the gastrointestinal tract in patients who 
had taken large amounts of salicylates in 
the course of treatment against rheumatic 
fever. Hemorrhages in the gastrointestinal 


tract are also relatively common in cases 
of attempted suicides with aspirin. One 
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might therefore ask why American clinicians 
have for so long a time failed to notice an 
effect of aspirin on blood clotting. One of 
the two explanations that can be advanced 
is that the method ordinarily used in the 
clinic for determining prothrombin involves 
the use of whole plasma. This method is 
not suited for the detection of small differ- 
ences in prothrombin activity and the use of 
diluted plasma is needed in studies of this 
kind. Another factor might be the nature 
of the American diet, which either contains 
more vitamin K as ingested, or more factors 
that favor the formation of the vitamin in 
the digestive tract. In any event it would 
appear that hemorrhages due to salicylates 
are encountered more frequently in the 
British Isles than in the United States, and 
hence the use of vitamin K in counteracting 
this effect has aroused particular interest 
in the former country. 


NUTRITION IN CONVALESCENCE AND REHABILITATION 


Spies, Vilter, and Douglas (South. Med. J. 
37, 560 (1944)) have presented another 
general progress report on the results of 
applying the diagnostic and therapeutic 
practices of the Nutrition Clinic of Birming- 
ham, Alabama, to the problems of rehabili- 
tation and convalescence. Other reports 
have appeared previously (Spies, J. Am. 
Med. Assn. 122, 911 (1948); 125, 245 (1944)). 
This problem of rehabilitation they con- 
sider to be primarily the responsibility of 
the physician, and secondarily in the prov- 
ince of the sociologist and the economist, 
though the results of a satisfactory solution 
have far reaching implications in the field 
of public health. In fact the physician 
would have little chance for the practice of 
corrective therapy in nutrition if preventive 
medicine and public health could apply the 
knowledge already available. 

The subject of the present report is ‘“The 
Rehabilitation of 500 Persons Who Were 


Debilitated Solely by Malnutrition.” Per- 
sons with secondary nutritional deficiency 
diseases were excluded by a routine search 
for organic diseases which might be the 
underlying or precipitating cause of this 
trouble. Such cases are encountered com- 
monly even in regions of endemic pellagra 
(Bean, Spies, and Blankenhorn, Medicine 
23,1 (1944)). In addition to a painstaking 
search for possible organic diseases, the 
study included a thorough medical and 
dental examination. A number of the rec- 
ord forms are included in this report, and 
the methods of recording data from the de- 
tailed medical and socio-economic investi- 
gations are discussed. In spite of the pre- 
sumably large body of facts gathered in the 
records, no new data are presented in this 
paper except those included in a single case 
report. Though it is emphasized that this 
complicated and painstaking evaluation of 
the economic and medical background of the 
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patient is invaluable in “giving us a com- 
plete picture of the patient and in making 
recommendations for his care,’”’ no evidence 
is given in the report to bear out this state- 
ment. 

The effect of poor diet on the progress of 
such diseases as diabetes mellitus, peptic 
ulcer, heart diseases, obesity, and renal dis- 
orders is discussed, where the mistake is 
sometimes made of following a stereotyped 
therapeutic dietary program with more 
regard for treating the disease than for treat- 
ing the patient. Treating the patient calls 
for much more than the mere prescribing 
of diets, for they may not be within the 
patient’s reach financially, or may not be 
adhered to because of other reasons. Much 
nutritional deficiency with attendant dis- 
ability goes unrecognized because of the 
physician’s lack of information. The prev- 
alence of malnutrition and actual disease 
from an inadequate diet seems to be large 
in the area under consideration, judging from 
the number of persons who returned to work 
following dietary treatment of their con- 
dition. 

The emphasis on the protracted nature of 
dietary therapy in rehabilitation is well 
placed. Once the crisis of illness is past, 
and the progress of improvement is slow, 
the interest of the patient wanes and the 
physician must persist in guiding him over 
the tedious days until recovery is complete. 
Any relaxation in this continual attention 
to proper nutrition may result in relapse. 

Apparently use was made of various types 
of laboratory determinations to assist in 
diagnosis, including the urinary pigments 
determined by the controversial methods of 
Beckh, Ellinger, and Spies (Quart. J. Med. 
6, 305 (1937)) which have been the subject 
of a rather critical study by Watson and 
Layne (Ann. Int. Med. 19, 183, 200 (1948); 
Nutrition Reviews 1, 429 (1943)). Changes 
in corneal and conjunctival vessels are taken 
as indicative of the riboflavin deficiency 
syndrome. 

Two principles in the study of nutrition 
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long stressed by Spies and co-workers are 
again emphasized. The first is the rarity 
of single deficiencies—where one has been 
detected it is obligatory for the physician 
to look for others. The second is a corol- 
lary, that multiple deficiencies require 
multiple therapy. It is well to remember 
that these investigators, as well as others, 
have repeatedly urged the fundamental im- 
portance of a well balanced diet, high in 
protein and ample in calories, as the sine 
qua non of the proper treatment of defi- 
ciency disease. Their emphasis on large 
doses of many different vitamins as an es- 
sential complement to this therapeutic 
regimen has often received more attention 
than the stress placed on diet. With the 
abundance of clinical material, and the 
opportunity for careful control over hos- 
pitalized patients in the wards and the 
ambulatory patients in the clinic, one regrets 
that no critical estimate has been made of 
the optimal dosage of any of the B-complex 
vitamins. A harmful effect (except on one’s 
pocketbook) of protracted treatments with 
large doses of B-complex vitamins has 
never been reported, but it is still a pos- 
sibility. While it is apparent that large 
doses will effect improvement, the economic 
status of many persons with endemic pel- 
lagra and related deficiency diseases may be 
a genuine barrier to protracted treatments 
with such large doses of not yet inexpensive 
compounds. Until public health agencies 
or sweeping changes in economic status are 
able to take care of the underlying problem, 
a study of the cheapest satisfactory program 
of rehabilitation is needed. 

The article contains ample illustrations of 
the cases reported. Many of the forms 
used to record the physical examination and 
history have been presented in previous 
reports from the Birmingham Clinic and it 
would be highly desirable to have an analysis 
of the data accumulated on such records 
rather than the blank forms. A similar 
diagram of the seasonal incidence of pellagra 
has appeared in previous publications (Spies 
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and DeWolf, Am. J. Med. Sci. 186, 521 
(1933); Spies and Butt, ““Duncan’s Diseases 
of Metabolism,” W. B. Saunders Co., Phila- 
delphia (1942)). In explanation of the figure 
it is remarked that ‘‘this curve is essentially 
the same for all nutritional deficiency dis- 
eases.”” This is obviously incorrect for 


scurvy and rickets in North America, or 
beriberi in certain regions of the world; 
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and it is highly probable that there are other 
exceptions. 

The most encouraging aspect of the report 
is the fact that a substantial number of 
persons, who had become invalids because of 
inadequate nutrition, have been rehabili- 
tated and returned to a productive life in 
the community or have been able to join 
the armed forces. 


PHYTIC ACID AND RICKETS 


Some twenty years ago, Sir Edward Mel- 
lanby (Med. Res. Council Special Report Ser., 
London, no. 61 (1921)) made the important 
observation that the addition of certain 
cereals to diets low in calcium led to severe 
rickets in growing animals. This effect was 
first ascribed to the greater growth produced 
when cereals were added to the diet. The 
extra growth was supposed to demand more 
calcium and antirachitic vitamin to assure 
normal bone formation. However, the fact 
that oatmeal and wheat germ interfered 
more with bone calcification than rice or 
white flour, although the former contained 
more calcium and phosphorus, led Mellanby 
to the idea that certain cereals contain a 
chemical constituent which interferes with 
calcification. He further supported this 
idea by the observation (Ibid. no. 140 (1929)) 
that oats allowed to germinate and then 
autolyze lost their rachitogenic qualities. 
This was confirmed by Steenbock and col- 
laborators (Templin and Steenbock, Bio- 
chem. J. 27, 2061 (1933)), who likewise found 
that the germination of corn decreased its 
rachitogenic effect. 

Some years before, Holst (J. Hygiene 26, 
487 (1927)) found that the rachitogenic 
factor could be removed by extracting the 
cereals with cold, dilute hydrochloric acid. 
Bruce and Callow (Biochem. J. 28, 517 
(1984)) were the first to suggest that inosi- 
tolhexaphosphoric acid (phytic acid) or the 
calcium-magnesium salt of this compound 
(phytin) might be the constituent in cereals 
which is responsible for the rachitogenic 


effect. Their experiments were performed 
on rats. However, the experiments were 
not quite conclusive and failed to dem- 
onstrate the essential difference between 
phytin and phytic acid. Further infor- 
mation on the problem was furnished by 
Harrison and Mellanby (Ibid. 33, 1660 
(1939)) in their experiments on puppies. 
Puppies were fed a diet which was normal 
with respect to calcium and phosphorus, as 
well as to the ratio between these two sub- 
stances. This diet did not lead to rickets 
but, on the other hand, it did not protect 
dogs against rickets if rachitogenic sub- 
stances were added. The results of these 
experiments were summarized by Harrison 
and Mellanby as follows: (1) Phytin (Ca. 
Mg. phytate) does not have rachitogenic 
properties. (2) Phytic acid or sodium phy- 
tate (prepared from phytin) is as strongly 
rachitogenic as oatmeal (fed in a quantity 
equivalent with respect to the total phytate). 
(3) Sodium phytate prepared from oatmeal 
retains the full rachitogenic activity of the 
oatmeal and further purification does not 
decrease the activity of the phytate. (4) If 
sodium phytate is hydrolyzed by boiling at 
100° with hydrochloric acid, the rachitogenic 
effect disappears. The same is the case if 
oats are treated likewise. (5) The rachito- 
genic effect of sodium phytate as well as that 
of oatmeal is counteracted by calcium. 
There are reasons to believe that phytic 
acid precipitates calcium or converts it into 
a unionized form which is not absorbed from 
the intestine. Since phytic acid and not 
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phytin is the decalcifying agent, Harrison 
and Mellanby took pains to analyze the 
cereals for phytin and phytic acid separately. 
They found that of the total, more than 50 
per cent is phytate, the decalcifying agent. 

Since the ricket-producing action of ce- 
reals is counteracted by increasing the cal- 
cium in the diet, it is important to bear in 
mind that the anticalcifying effect of a cereal 
depends not merely on how much phytate is 
present, but also how much calcium it con- 
tains. The ratio phytate/calcium is the 
important point. If, however, the ratio 
phytate/calcium is a measure of the rachito- 
genic effect of a foodstuff, how can it be that 
oats which contain about the same amount of 
phytate as wheat, but more calcium and 
phosphorus, produce decalcification and 
rickets, whereas wheat has no such effect? 

The answer to this apparent contradiction 
has now appeared. McCance and Widdow- 
son (Nature 153, 650 (1944)) discuss the role 
of the enzyme phytase in wheat and oats 
with respect to the difference in rachitogenic 
effect between those two foodstuffs. They 
show that oats contain very little of the 
enzyme as compared with wheat. Thus, 
wheat is able to hydrolyze 50 per cent of 
added phytate within twelve minutes, 
whereas oate require eleven to thirteen hours. 
Rye is even richer in phytase than wheat. 
Moreover, oats and wheat are ubjected to 
very different treatments before reaching the 
consumer. Oats are cooked directly, thus 
destroying the little phytase present and 
preserving practically all the phytate. Wheat 
and rye, on the other hand, are used for 
bread making. Even during baking, phy- 
tase has the opportunity to hydrolyze phy- 
tate; McCance and Widdowson have shown 
that dry heat as high as 90°C. does not affect 
the activity of the phytase. 

Sir Edward Mellanby (Nature 154, 394 
(1944)) confirms the observations of McCance 
and Widdowson and adds two more obser- 
vations of significance in connection with 
the rachitogenic effect of oats. Mellanby 
stresses that although oats and wheat con- 
tain about the same amount of phytate (the 
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order of 200 mg. phytate per 100 g.), the 
relative phytate content of the two products 
when it reaches the consumer is altered 
twice, making oat cereals a much richer 
source of phytate than wheat products. 

In preparing the meal the husk of the oat 
is removed. Inasmuch as the husk which 
constitutes 30 per cent by weight of the 
grain contains very little phytate, the per- 
centage of phytate in the dehusked grain 
and in the oatmeal rises correspondingly (to 
about 270 mg. phytate per 100 g. meal). 
On the other hand, in the processing of wheat 
to flour, the milling removes mainly the bran 
(about 15 per cent by weight of the grain) 
which is very rich in phytate. For that 
reason wheat meal flour contains only about 
100 to 120 mg. phytate per 100 g., which is 
about one third of the concentration found 
in oatmeal. 

In preparing these products for the con- 
sumer, the relative phytate content is again 
altered. The oatmeal is boiled as porridge, 
the small phytase content is destroyed, and 
the phytate concentration remains high. 
Wheat flour, on the other hand, is used in the 
baking of bread. The large amounts of 
phytase present destroy the phytate during 
the period when the dough is standing. 
Moreover, the added yeast which is rich in 
phytase further contributes to the destruc- 
tion of phytate, particularly when the rising 
time of the dough is short. The phytate 
concentration of bread is very often as low as 
25 to 30 mg. phytate per 100 g., i.e., only one 
tenth of that of porridge. Thus we have a 
plausible explanation as to why porridge has 
a rachitogenic action and wheat products do 
not. 

The practical implication of these observa- 
tions may be important. Porridge is con- 
sumed extensively in the lower income 
classes, particularly in northern European 
countries. Since this group does not always 
consume adequate amounts of milk, it is cer- 
tainly more than a possibility that rickets in 
childhood or decalcification of the bones in 
adolescence may arise or become accentuated 
from a high consumption of porridge. 
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Letters To The Editor 


Dear Sir: 

Since its inception, it has been my feeling 
that Nutrition Reviews would fill a very 
definite gap in nutrition literature. I have 
been in no wise disappointed in the material 
found in Nutrition Reviews. May I com- 
pliment your Editorial Staff. 

Sincerely yours, 

G. Howard Satterfield, 
Professor of Biochemistry, 
University of North Carolina, 
Raleigh, N. C. 


Dear Sir: 

In one of your reviews (Nutrition Reviews 
2, 233 (1944)) your reviewer states, concern- 
ing our data on phagocytosis, ‘‘the data are 
presented in such a way that it is not pos- 
sible to correctly evaluate the statistical 
significance of the results. The latter seems 
desirable since in most instances only forty 
cells were counted per smear, while in the 
experience of many workers in this field, 
counts of less than 200 cells cannot be relied 
upon to give a representative picture of the 
smear.” 

In our tables of data on in vitro phagocy- 
tosis, mean ingestion values were given to- 
gether with their probable errors. This 
provides all data usually considered neces- 
sary for evaluating the statistical signifi- 
cance of observed ingestion differences. It 
is true that only 40 phagocytes were counted 
on each smear, but the article clearly points 
out that there were 4 rats to each group 
thus giving a total count of 160 cells for each 
ingestion value in the table. In order to 
test the stability of our ingestion means 
with 160-cell counts, we recalculated the 
original data on the basis of including only 
the first 20, 10, 5, and 2 phagocytes seen on 
each of the 4 smears for the first and for the 
third cold room groups of the riboflavin 
series. 


Such recalculation showed that group 
differences of more than 2.0 in mean inges- 
tion counts are of unquestionable mathe- 
matical significance when 160 cells are 
counted, just as was stated in the original pre- 
sentation. Even with counts as low as 40 


cells per group (10 per smear), group differ- 
ences of only 3.0 are required for significance 


Diff. 
PE. diff. ?* 


It is not until the number of counted cells 
is reduced as low as 20 (5 per smear) 
that the means become unstable and the 
differences insignificant with reference to 
their own probable errors. It may well be 
that 200-cell counts are needed for stability 
when smears are carelessly made and the 
phagocyte distribution on the slide uneven, 
as is so often the case. Several months of 
experimentation and practice preceded our 
final counts, however, with the result that 
our mean values based upon 160-cell counts 
possess a wide margin of stability. 

The reviewer’s additional complaint that 
we “unfortunately give no data concerning 
the food intake of the animals” would have 
been unnecessary if he had made use of the 
references to our previous work covering 
this point (as criticized in Nutrition Reviews 
1, 426 (1943)). 

Clarence A. Mills, 

Esther Cottingham, 

Laboratory for Experimental Medicine, 
University of Cincinnati. 


according to the formula 


Pyridoxal and Pyridoxamine 


It has been recognized that the pyridoxine 
or vitamin B, content of natural materials 
showed widely different results when meas- 
ured by the yeast method as compared with 
Streptococcus lactis assay (Snell, Guirard, 
and Williams, J. Biol. Chem. 143, 519 (1942)). 
Assays with the latter organism led to the 
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term ‘“‘pseudopyridoxine” for the material 
in many natural products which seemed to 
be much more active as a growth stimulant 
than pyridoxine itself. Snell (J. Biol. Chem. 
154, 313 (1944)) has noted that substances 
were formed from pyridoxine by chemical 
treatments which might lead to an aldehyde 
or amine derivative of pyridoxine, itself 
an alcohol. With the aid of organic 
synthetic methods applied by Harris, Heyl, 
and Folkers (J. Biol. Chem. 164, 315 (1944)), 
the aldehyde and amine analogues of pyr- 
idoxine were prepared, and named pyr- 
idoxal and  pyridoxamine _ respectively. 
These substances proved to be many times 
more active than pyridoxine in the S. lactis 
assay, and when used as standards gave 
values for the pyridoxine content of natural 
materials which were in harmony with those 
obtained by the yeast method. Pyridoxine 
and the new materials show essentially the 
same activity in the yeast assay method, 
while pyridoxal and pyridoxamine were 
five thousand to nine thousand times as 
active as pyridoxine for S. lactis growth. 

Snell (Abstracts, Div. Biol. Chem., Am. 
Chem. Soc., 108th Meeting, New York City 
p.7B (1944)) has noted similar discrepancies 
in the activities of these compounds for 
other lactobacilli and streptococci. It would 
appear likely that the presence of pyridoxal 
or pyridoxamine in natural products ac- 
counts for “pseudopyridoxine” activity, 
and that these compounds may actually be 
the biologically active forms of pyridoxine 
in the fulfillment of the catalytic function 
of pyridoxine. Differences in the activity 
of these compounds for different organisms 
may then be dependent on the relative 
ability of the organisms to transfer pyr- 
idoxine to the active forms. It has been 
proposed that the alcohol to aldehyde 
transformation may represent an oxidation- 
reduction role of pyridoxine in metabolism 
or that the amine compound might indicate 
a role of the vitamin in transamination 
reactions. 


[February 


Child Feeding in Puerto Rico 


The Office of Distribution of the War 
Food Administvation, San Juan, Puerto 
Rico, has issued an interesting report 
entitled “Outline of Operations of the 
Children’s Free Feeding Programs in Puerto 
Rico and the Virgin Islands.”’ 

There are at present four child-feeding 
programs operating in the Island: the 
infant feeding program, the milk stations 
operated by the local Civilian Defense 
organization, the Nursery School feeding 
program, and the Community School Lunch 
program. 

Under the infant feeding program, children 
from birth to 2 years of age receive their 
entire daily milk supplies. At present there 
are 142 infant milk stations, feeding 5416 
children under the age of 2 years. 

The milk stations serve children from 2 
to 7 years of age. They supply at least one 
glass of milk daily, and one other food, such 
as cereal, Vienna sausages, dried eggs, or 
dried prunes. There are 383 of these 
Civilian Defense Milk Stations, and during 
1943 they served a maximum of 55419 
children. 

The Nursery Schools and the Community 
School Lunch programs serve by far the 
greatest number of children. Many children 
in Puerto Rico, and especially those in rural 
areas, receive their only substantial meal 
of the day at lunchtime. In the nurseries 
and at schools, a meal furnishing one third 
to one half of the entire day’s nutritive 
recommendations is served each child. 
In an island where the traditional diet of 
child and man alike has been rice and beans, 
cooked in lard with a little codfish seasoning, 
the War Food Administration has introduced 
on a large scale such healthful foods as 
canned evaporated milk, wheat flour, corn 
meal, rolled oats, Vienna sausage, dried 
whole eggs, dehydrated soup, canned to- 
matoes, vegetable shortening, margarine, 
cheese, pork and soya links, and prunes. 
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The publication of NUTRITION REVIEWS has been undertaken to enable pro- 
fessionally trained people to keep abreast of current progress, and to have available 
an unbiased, authoritative review of the current research literature in the science 
of nutrition. 

The Editorial Staff has been carefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. The service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews as originally prepared by a 
member of the Editorial Staff are frequently modified by special referees and may 
be further modified by the Editorial Office in preparing final copy for the press, 
the Editorial Committee feels that it is preferable not to affix the names of Edi- 
torial Staff members to individual reviews. There is thus a high degree of group 
responsibility on the part of the Editor and Assistant Editors. 





